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PREFACE. 



In submitting the following pages to the notice of 
the engineering profession, I am conscious that I 
owe some apology for treating of a subject, which 
has already occupied the attention of so many 
eompeteiit authorities, as Kankine, Zeuner, and 
others, to whose works I am indebted for much in- 
formation. For my excuse I must appeal to the 
fact,' with which most engineers are well acquainted, 
that in *' getting out " the details of engine work the 
question of the valve gearing is frequently the one 
which presents the greatest diflSculty to the designer. 
To meet this, many of our leading mathematicians 
have propounded definite formulae for determining 
the due proportionment of the various parts; but 
while these of course ultimately furnish the required 
results, they necessarily involve such abstruse and 
complicated mathematical calculations as to be of 
little or no assistance to the majority of those who 
most need to use them. To illustrate the truth of 
this statement, we have but to take the very excellent 
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treatise on valve gears by Dr. Gustav Zeuner. la 
this work we find enunciated formulsB for almost 
every description of valve gear, but a glance at its 
pages will show that these invariably involve an 
amount of mathematical knowledge which renders 
their general adoption impossible. It thus comes to 
pass that in actual practice we frequently find the 
" rule of thumb " to be the one exclusively resorted 
to, with a loss of much time and labour in construct- 
ing models and adjusting and readjusting their parts 
until the dimensions of the various details are 
approximately obtained, and even then it not un- 
frequently happens that where several engines of 
the same class have to be constructed, one is first 
completed in order that the valve gearing may be 
tested, and the drawings corrected accordingly, before 
the others are proceeded with. But there are many 
engines constructed without any such precautions 
being taken to secure even tolerable accuracy in 
their valve arrangements, and it is in the case of 
these that the best results may be looked for from 
the proper application of the rules which are dis- 
cussed in this volume. Nor is the question of the 
correct design of these details one of trifling impor- 
tance to the users of steam power, for a defective 
arrangement, such as, upon inquiry, has been too 
often found to exist, will in many cases involve a 
loss of from ten to twenty per cent in fuel and 
steam. It will thus be seen that this subject is one 
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of general interest, and demands more careful atten- 
tion than has hitherto been paid to it. 

My object in preparing the following problems 
has been to show that, starting with the application 
of the 31st Proposition of the 3rd Book of Euclid, 
to the subject of valve gearing, as first suggested 
by Professor Zeuner, it is possible to obtain certain 
geometrical constructions which, without involving a 
single mathematical calculation, or indeed any other 
operation that can be performed with a rule and 
compasses, will yet enable us to obtain results practi- 
cally as accurate as those deduced from mathematical 
formulae, but with this further advantage, that what- 
ever errors may chance to occur in the construction 
must at once make themselves apparent. I have, 
moreover, endeavoured to show, step by step, how 
the results are deducible from the recognised prin- 
ciples of geometry, and at the same time given 
sufficient explanation of the mode of using the 
figures as to enable foremen and others to apply 
them in practice without stopping to investigate 
the means, by which they have been arrived at. In 
doing this, I have, as far as possible, avoided the use 
of mathematical language, substituting for it such 
ordinary terms as are understood in every drawing 
office and workshop. It will doubtless be observed 
I have more than once been compelled to state that 
many of these results are, after all, only approxi- 
mately, not absolutely correct ; but it will also be 
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easily understood that I have adopted this precaution 
because in some valve combinations it is almost 
impossible to obtain either by geometry or mathe- 
matical calculation the exact movement of all the 
parts, on which the result depends. In practice, 
however, perfect mathematical accuracy is not re- 
quired, and the results obtained by the graphic 
method differ so very slightly from the actual truth 
as in mechanical construction to be altogether inap- 
preciable. 

The problems included in the following pages are 
applicable to all forms of slide-valve gearing, in 
which the motion is derived from eccentrics, as now 
generally adopted ; and by a further application of 
the system, figures for other combinations may be 
easily obtained. 



London, July, 1875. 
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The theorem, proved in the sist Proposition of 
the 3rd Book of Euclid's Elements, and stated in the 
enunciation to be, that *^ in a cirde the angle in a 
semicircle is a right angle ; hut the angle in a segment 
greaJter than a semicircle is less than a right angle; 
and the a/ngle in a segment less than a semicircle is 
greater than a right angle/' is the basis upon which 
the system, applied in the following pages, is directly 
founded: and it is therefore so important, before 
proceeding to its application, to understand clearly 
the principle itself, as well as the reasoning, by which 
it has been, deduced, as to justify a direct reference 
to this proposition, the proof of which is given by 
Euclid in the following words : — 

Let ABCDhesi circle, of which BGia a diameter 
and E the centre ; and draw CA, dividing the circle 
into the segments AB C, ADC, and join BA, AD, 
D C: the angle in the semicircle BAG shall be a 

B 
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right angle ; but the angle in the segment ABG^ 
which is greater than a semicircle^ shall be less 
than a right angle ; and the angle in the segment 
ADCy which is less than a semicircle, shall be 
greater than a right angle. 
Join A E, and produce B Ato F. 
Then, because EAia equal to EB (Euc. I. Defi- 
nition 15), the angle EAB is equal to the angle 

EBA (Euc I. s); 
and, because EA is 
equal to E (7, the 
angle EACia equal 
to the angle EGA; 
therefore the whole 
angle BAG is equal 
to the two angles, 
A B G, A G B 
(Axiom 2). 

But J'ilO, theex- 
terior angle of the tri- 
angle ABGfh equal 
- to the two angles 
ABGyAGB (Euc. I. 32) ; therefore the angle BAG 
is equal to the angle F AG (Axiom i), and there- 
fore each of them is a right angle (Euc. I. Defini- 
tion 10). 

Therefore the angle in a semicircle BAGi&2L 
right angle. 
And because the two angles AB G, BAG, o{ the 
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triangle ABC, are together less than two right 
angles (Euc I. 17), and that BAG has been shown 
to be a right angle,. therefore the angle ABC ia less 
than a right angle. 

Therefore the angle in a segment ABC, greater 
than a semicircle, is less than a right angle. 

And because AB CD h a quadrilateral figure in 
a circle, any two of its opposite angles are together 
equal to two right angles (Euc. III. 22) ; therefore 
the angles ABC^ADC are together equal to two 
right angles. 

But the angle ABC has been shown to be less 
than a right angle ; therefore the angle ADC is 
greater than a right 
angle. 

Therefore the angle 
in a segment ADC, 
less than a semicircle, 
is greater than a right 
angle. 

Wherefore, the angle^ 
&c. Q.E.D. 

For our present pur- 
pose, however, the prin- 
ciple may be enunciated 
as follows : — 

If jfrom either end B or (7, (Fig. 1), of the dia- 
meter B C oi the circle AB C, sl straight line B F 
be drawn cutting the circumference in any point A^ 

B 2 




Fig, /. 
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and from the other end, C, of the diameter a straight 
line, C A, be drawn perpendicular to the line BF^ 
then this perpendicular CA will cut the line B F 
in the same point, A, in which this line B F cuts, 
or is cut by, the circumference of the circle ABC: 
and therefore, without drawing the perpendicular 
CAf we know that it would, if drawn, cut the line 
B F in that point. A, in which this same line B F 
cuts, or is cut by, the circle ABC; and it is the part 
BAot this line, BF, which falls within the circum- 
ference of the circle ABC (and termed the radius 
vector)^ which we shall have occasion to make use 
of, hereafter, as representing the centre line of the 
crank, the point A coinciding with the centre of 
the crank-shaft. 

We will next proceed to explain the backward 
and forward motion of the slide-valve, as the eccentric 
sheave revolves with the crank-shaft. 

Let the line CD (Fig. 2) represent the full travel 
of the valve, and the point A the middle point of that 
line, and hence, relatively, the central position of the 
valve, so that the valve slides an equal distance on 
each side of the point A : then A G and A D are each 
equal to half the travel of the valve. Upon CD Ma 
diameter describe a circle, CBDjOt which the point 
A will of course be the centre. Now as the throw 
of an eccentric sheave is equal to half the travel of 
the valve it drives, AC or AD represents the throw 
of the eccentric sheave which will cause the valve to 
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travel a distance equal to CD, and the points Oand D 
will represent, alternately, the centre of the sheave, 
as the valve ar- 
rives at one ex- -8 
treme end of its 
stroke or the 
other. Draw -4 B 
perpendicular to 
CD. Then the 
point B will re- 
present the cen- 
tre of the eccen- 
tric sheave when 
the valve is in 
the middle of its 
travel, for the 

theoretical deviation from this point, caused by the 
angular motion of the eccentric rod, is really so 
small as to be, in practice, imperceptible, and may 
therefore be disregarded throughout. If we suppose 
that the crank-shaft turns round, moving the centre 
of the sheave from B to F; then, since the line A B 
is a perpendicular drawn through the middle position 
of the valve, the distance the centre of the eccentric 
sheave moves from this line is the same as the dis- 
tance the valve moves from its middle position, and 
therefore the line JIf J' drawn from J'perpendicular to 
A B represents the distance the valve has moved from 
its central position A towards D, whilst the centre of 
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the eccentric sheave has moved from B to F. Front 
this point F drop a perpendicular FP on io CD, 
cutting CD in the point P. Then since B Ai8 also 
perpendicular to CD, FP is parallel toBA, and A P 
is equal to MF; therefore AP also represents the 
distance the valve has travelled from its central posi^ 
tion A towards D, whilst the centre of the eccentric 
sheave has moved from BtoF; and if we consider the 
line A F, which represents the throw of the eccentric 
sheave, to represent also the diameter of a circle, 
through one end A of which the line il D is drawn ; 
then the circumference of this circle will, as we have 
already shown, cut the line il D in the same point, in 
which it would be cut by a perpendicular dropped 
upon it from the point F, which is the other 
end of the diameter A F, and at the same time the 
centre of the eccentric sheave. Upon this line 
AF,SLa a, diameter, describe the circle A MFP which, 
will cut the line AD in the point P, where the per- 
pendicular dropped from the point F upon the line 
A D also cuts it, and the line A P, representing the 
distance the valve has travelled from its central po- 
sition A towards D, whilst the centre of the sheave 
has been moved from D to i^, is also that portion of 
the line A D, which falls within the circumference of 
the circle, and is therefore the radim vector, as we 
have already explained. Hence it will be seen, that 
a circle having for its diameter a line, which repre- 
sents the throw and angular position of the eccentric 
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sheave, demonstrates, by means of the radius vector, 
drawn parallel to the virtual direction of motibn of 
the valve, the exact distance that the valve has tra- 
velled from its central position for that particular 
angular advance of the eccentric sheave ; and if the 
centre pf the sheave is caused to advance beyond the 
point Fy say for instance to the point E (the valve 
circle, AMFP, being supposed to advance with it), 
it will be seen that the radiiis vector increases in length 
exactly as the distance between F, the centre of the 
eccentric sheave, and the line BA increases; until, 
when the centre of the sheave reaches the point E, 
the radius vector shows that the valve has travelled 
from its central 
position A towards 
D, a distance, A Q^ 
equal to NE. 

Now, as it would 
be most inconve- 
nient to cause the 
centre line, A B 
(Fig. 3), of the 
sheave, with the 
valve circle ABL 
upon it, to advance 
about the centre A, 
towards D, we cause, instead, the line -4 D to 
advance about the same centre and through the 
same angular distance, as the centre line, A B, 
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of the sheave is supposed to advance, but in the 
opposite direction, that is, towards B ; for instance, if 
instead of causing the centre line, A B, of the sheave 
to advance about the point A to the position as 
shown 2ki AF (Fig. 2), taking with it the valve 
circle, A MFP, of which it is the diameter, we cause 
the line, A D (Fig. 3), to advance about the same 
point A, and through an angular distance equal 
to BF (Fig. 2), but towards AB (Fig. 3), for ex- 
ample to -4X, that is in a direction opposite to 
that, in which the centre line, A B, of the eccentric 
sheave is supposed to be advancing, we obtain the 
same result; for, whether the centre line of the 
sheave advances, with the valve-circle upon it, to- 
wards A D, or whether the line A D advances in the 
opposite direction towards the centre line, A B, of 
the sheave, while the sheave itself remains still, it 
matters not, as in either case', provided the angles 
of advance are equal, the circumference, ALB^ot the 
valve-circle will be intersected in the same point L, 
in the first case by the line A D (Fig. 2), and in the 
second by the line A X (Fig. 3), and the line A L 
will be the radius vector and represent the distance 
the valve has travelled from its central position A 
towards D for a;n angular motion of the eccentric 
sheave equal to BF (Fig. 2). 

The relation which exists between the motion 
of the crank and the motion of the slide-valve 
must now be considered. In the first place, the 
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sheave is of course firmly keyed to the crank-shaft 

and consequently revolves with the crank ; so that. 

».pp«u,g\e Lu. of tt,e crank to b, in th. 

direction A G (Fig. 2) when the centre of the sheave 

is in the direction A B, then in order to advance the 

sheave through the angular distance B F, the crank 

must be advanced through an angular distance 

equal to BF; and we have already shown that to 

ascertain the amount the valve travels from its 

central position, for any angular advance of the 

sheave, it is only necessary to cause the line ^ D to 

advance towards A B (the centre line of the sheave), 

through the same angular distance, as the sheave is 

supposed to advMice, but in an opposite direction. 

And here we must explain that when we speak of a 

line advancing towards another line, we merely use 

the expression to indicate the direction, in which any 

such line is supposed to advance, and not in any 

way to limit its advance^ thus when we say ^ D is to 

advance towards A By we do not mean to imply that 

A D may not pass A JB, if necessary, but that A D 

shall advance in that direction in which AB ib 

with reference to -4D before AD commences to. 

advance. 

We have already shown that the crank must 
advance through the same angular distance as the 
sheave ; therefore, in order to ascertain the distance 
the valve has travelled from its central position 
for any angular advance of the crank, we have only 
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to make use of the same system as we adopted 
for the advance of the sheave, and cause the line 
il D to advance through an angular distance towards 
A By equal to that through which the crsjiky AC, 
is supposed to advance in the opposite direction; 
for instance, the crank, A C (Fig. 3), is supposed to 
advance through the angular distance OH, and we 
require to know the distance the valve is from its 
centre of motion for the position, HA, of the crank, 
and to simplify the matter we assume, for the pre- 
sent, that the valve is at its central position, when 
the crank is at either of its dead points AC oi AD. 
We now cause the line ilD to advance towards 
A B, through an angular distance D X, equal to CH, 
when the raditM vector, A L, on the line A X gives us 
at once the distance the valve has travelled from its 
centre of motion towards D for the position HA of 
the crank ; we have only, therefore, to place the 
line AX At the same angle relative to its horizontal 
position AD, as the given position of the crank 
occupies relative to its position, AC, at the dead 
point C, in order to at once ascertain, by means of 
the raditis vector on the line AX, the distance the 
valve is from its centre of motion, for that position 
of the crank whatever it may be, and whether the 
sheave is so placed that, when the crank is at either 
of its dead points,' the valve is in its central position 
(Fig. 3), or some distance, such as AP (Fig. 2), from 
the same* 
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We will next proceed to point out the application of 
the system to a simple valve gear. Draw the line C D 
(Fig. 4), representing the direction of the travel of the 
end of the eccentric rod farthest from the sheave, and 
it is in this line that the point A^ the centre of the crank^ 
shaft, will lie. Draw BQ dX right angles to, and in- 
tersecting, CD in any point A, and let CA represent 




the centre-line of the crank when at the dead point 
(7. Draw A E equal to the throw of the eccentric 
sheave, and with the same angular advance with 
regard to CA aa the eccentric sheave really has 
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with regard to the centre line of the crank. Upon 
AE ss A diameter describe a circle, which will be 
what is termed the primary valve circle, because 
AE represents the actual throw of the eccentric 
sheave, and its position with regard to the crank. 
The secondary valve circle is that described touching 
the primary valve circle at the point -4, and having 
its diameter equal to, and in continuation of, the 
diameter A E. Next, from the centre A, and with 
the radius AE, describe the circle ^DjP (7, and from 
the same centre, with a radius equal to the outside 
lap of the valve, describe the circle F Q T, which is 
termed the lap-circle. Now in the position, in which 
we have assumed the eccentric sheave to be, relative 
to the crank, this latter would really revolve in the 
direction of the dotted arrow ; but, for the purposes of 
our diagram we may, as we have already explained, 
assume that the line A D is the centre line of the 
crank, and cause it to revolve about the point A, 
through the same angular distance as the real 
centre line of the crank is supposed, in each case, 
to advance, but in the direction of the dark arrow, 
that is, in a direction opposite to that in which the 
crank is really advancing. At the commencement 
of the stroke the crank will thus be in the position 
CA; but assuming it to be in the direction AD, 
E VL being the valve-circle, the radius vector^ A L, 
on the line, A D shows us at once the distance the 
valve is to the right of its central position A^ that is, 
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towards D. Now, as AQ (Fig. 5) represents the lap 
of the valve, and the line A Q (Fig. 4) is a radius of 
the lap-circle VQT, whose radius was originally 
made equal to the lap of the valve, therefore the 
line A Q (Fig. 4) also represents the lap of the valve, 
and as the valve has moved a distance ALto the 
right of its central position, when the crank is really 




F vg . S . 



at its dead point CA, and does not commence to open 
the port until it has moved a distance equal to the 
lap A Q, therefore in moving from its central position 
il to L, it moves a distance A Q, before beginning to 
open the port, which it commences to do when it 
reaches the point Q, opening it a distance equal 
to Q^, 80 that when the crank is at the beginning of 
its stroke, viz. in the position GAy the port is already 
open an amount equal to QL, and the amount 
that the valve is open, when the crank is on its 
dead point, is termed its had. In the same manner 
it may be ascertained how much the port at the 
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other end of the cylinder is opened into the ex-^ 
haust, while the crank is in this position AC; to 
do this it is only necessary with the point A as 
centre and with a radius equal to the inaide lap of 
the valve to describe a circle in the place of the 
ordside lap-circle, VQT. We have alrefiidy shown; 
that when the crank is at the commencement of its 
stroke the valve is open an amount equal to QL, and 
we have assumed, for the purposes of our diagram, 
that A D represents this position of the crank ; we 
have ulso shown that the valve has to move an 
amount equal to AQ before it commences to open 
the port, and in order, therefore, to find that position 
of the crank, at which the port just commences to 
open, it is only necessary to bear in mind that it 
must be such a position as will give a radiiis vector 
on the assumed centre line of the crank equal to 
AQ. Now the lap-circle, VQT, and the valve* 
circle, E VL, intersect in the point ii, and the radius 
^ 22 is of course equal to the radius A Q, and hence 
to the lap of the valve, and All is the radius vector 
on the line AKy which radivs vector also repre-» 
'sents the amount the valve has moved when the 
port just commences to open, hence it follows that 
AK is the assumed position of the crank when the 
valve commences to open the port, its real position 
being A X, for, as we have already explained, the 
assumed position of the crank is at the same angular 
distance from AD, as the real position is from CA, 
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but set off as revolving in an opposite direction: 
but to simplify matters, let it be understood for the 
future, that when we speak of the position of the 
crank we mean, in all cases, its asmmed position, 
unless in any particular case we distinctly state that 
it is its real position to which we are alluding. Con- 
tinuing therefore our investigation of the valve 
diagram (Fig. 4) we have already shown that the 
valve commences to open the port when the crank is 
in the position A K, we can in like manner show 
that the valve just closes the port when the centre 
line of the crank reaches the position A P, and passes 
through the point in which the valve and lap circles 
again intersect, for the radius vector, VA^iQ then 
exactly equal to the lap of the valve, and represents, 
of course, the amount the valve has to travel before 
it reaches its central position, in the same way as 
when the crank was in the position A K, the valve 
had travelled from its central position an amount, 
A By also equal to its lap, and was just about to begin 
to open the port ; if we now take an intermediate 
position of the crank, equidistant from A K and A P, 
we shall find that at this position of the crank the 
port will be open its greatest amount EZ, and that 
such position of the crank will exactly coincide with 
A Ey the diameter of the primary valve-circle. We 
have hitherto treated of the valve as only moving to 
the right of its central position, we will therefore 
now proceed to examine its movements to the left of 
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that position, and in order to do this we have only 
to continue the line EA till it a^ain meets the cir- 
cumference of the circle, EDFCy in the point jP, 
then AF will be equal to EA, and upon ^JP as a 
diameter we describe the circle FTW, which will 
be what is termed the secondary valve-circle, and it 
will touch the primary valve-circle, EVL, at the 
point A, Now when the assumed centre line of the 
crank cuts the primary valve-circle it demonstrates 
that the valve itself is either on the right or left 
of its central position according as the original 
position of the assumed centre line of the crank, 
before the stroke commences, is at the dead point 
on the right or left of the centre line BG; for 
instance, if the real position of the crank, with 
reference to the real position of the sheave were at 
the dead point A C (Fig. 4)^ then the original position 
of the assumed centre line of the crank would be at 
the dead point on the right of B G, viz., at A D, and 
vice verady but now, supposing it to be at ii D, should 
the (assumed) centre line of the crank intersect the 
primary valve-circle EVL, it would demonstrate 
that the valve was to the right of its central position, 
and if it intersected the secondary valve-circle it 
would show that the valve was to the left of such 
position, its distance from its central position in 
either case being shown by the length of the 
radius vector on the centre line of the crank, in 
whatever position it may be at that moment. From 
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the foregoing, it is quite clear that the valve must 
be at its central position, when the centre line of 
the crank is midway between- the two valve-circles 
EVL and FTWy that is in the direction AH or 
Aly at right angles to the line, EF^ containing the 
diameters of the two valve-circles ; so that, in order 
to find the position of the crank at which the valve 
is in its central position it is only necessary to draw 
a line, HI, at right angles to the line EF, and inter- 
secting it in the point A. And in order to ascertain 
the amount the port is open for any given position of 
the crank, we have only to consider that the valve has 
to travel an amount equal to the radius of the lap- 
circle before it commences to open the port, hence 
we have to deduct this amount from the length of 
the radius vector for any such position of the crank, 
and the length that remains of the radius vector 
represents the amount that the port is open, and is 
that portion of the radius vector lying between the 
circumference of the lap-circle and the circumference 
of the valve-circle, thus when the crank is in the 
position A B (Fig. 4), AY is the radius vector and 
represents the amount that the valve is to the right 
of its central position, but it had to travel an amount 
equal to A 8 before it began to open the port, and 
therefore 8 Y, the length that remains of the radius 
vector after deducting an amount, A 8, equal to the 
radius of the lap-circle VQT, represents the amount 
that the port is actually open for the position, A B, of 

c 
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the crank. Having now investigated the general 
principles, upon which this yalve system is based, 
we will proceed to show how the proUions of the 
various parts of a valve gear, and the relative 
laovements of the same can be at once determined. 
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PROBLEM L 

The throw of the eccentric sheave^ the external lap of the 
vcdve, and the amount of lead required, being known; 

, to find the position of the crank when the steam is cut off, 
and the position of the sheave relative to the centre line of 
the crank. 

Draw the lines CD,B O (Fig. 6) perpendicular to 
each other, and intersecting in the point A. With 
this point as a centre, and with a radius A Q, equal to 
the lap of the valve, describe the lap-circle VQT; 
and &om the same centre, with a radius equal to 
the throw of the eccentric sheave, describe the circle 
B DM0. From the point Q on the line A D, set off 
QL equal to the required lead; and at the point 
L erect the perpendicular L 0, cutting the circle 
BD MO in the point E. Join EA and produce it 
till it again cuts the circle B DMC in a point F. 
Upon EA and AF a.a diameters describe the valve- 
circles ELV and FWT, these will be the primary * 

o 2 
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and secondary valve-circles respectively, and A E, the 
diameter of the primary valve-circle, will represent 
the centre line of the sheave, when the real position 
of the crank is represented by the line CA, the 
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angle BAEia therefore the angle of advance, and 
the line A P, drawn through the point of intersection, 
Vy of the lap and valve circles, represents the (as- 
sumed) position of the crank at the moment the 
steam is cut off, the real position of the crank being. 
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at that moment, at the same angular distance from 
C that the assumed position is from B ; but is set 
off, as we have previously explained, as revolving in 
the opposite direction. The line A F, which is the 
diameter of the secondary valve-circle, would re- 
present the centre line of the sheave, if the real 
position of the crank were represented by the line 
A D, in both cases of course the crank and eccentric 
sheave would be revolving in the opposite direction 
to the arrows in the diagram. Returning, however, 
to the method of applying the diagram, A D is the 
(assumed) position of the crank, when A E represents 
the centre line of the eccentric sheave, this crank 
revolving in the direction indicated by the arrows, it 
being at the same time assumed that the sheave 
itself does not revolve, but remains with its centre 
line in the direction A E, the line HI represents the 
position of the crank, either in the direction AH or 
A I, when the valve occupies its central position. We 
will now suppose our crank to be in the position A I, 
and as it revolves in the direction indicated by the 
arrows as soon as it begins to move from the position 
Alii will be intersected by the primary valve-circle, 
that portion of the centre hne of the crank, measured 
from the point A to the point of such intersection, 
being the radius vector of the primary valve-circle, 
• shews the amount the valve has moved to the right 
of its central position, because the original position 
of the assumed centre line of the crank is on the 
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right of J5 G, and deducting from this radius vector 
that portion which falls within, and forms a radius of 
the lap-circle VQT, the remainder, if any, gives us, 
as we have already shewn, the amount that the 
valve has actually opened the port, for any particular 
position of the crank. We will next suppose that 
the crank has reached the position AK, A Bis now 
the radius vector, demonstrating that the valve has 
moved an amount equal to A B^ to the right of its 
central position, but AB is also a radius of the lap* 
circle, and is equal to the other radius, A Q, of the 
same circle, and A Q was made equal to the lap of 
the valve^ therefore AB is also equal to the lap of 
the valve. Now, it is evident that the valve must 
have travelled an amount equal to A Q or A B equal 
to AB (Fig. 7), when it commences to open the 
port, and as we have already shewn that when the 
crank is in the position A E (Fig. 6) the valve has 
then travelled this amount, it is clear that A K re- 
presents that position of the crank at which the valve 
just commences to open the port and admit steam 
into the cylinder. We will next suppose the crank to 
have reached the position A D, AL will now be the 
radius vector, deducting from this the radius AQoi 
the lap-circle, or what is the same thing, only taking 
into consideration that portion of the radius vector, 
which lies between the circumference of the lap- 
circle, and the circumference of the valve-circle, we 
have QL representing the amount that the valve 
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has actually opened the port for the position AD oi 
the drank, and as in this position the crank is at one 
of its .dead points, the amount that the port is now 
open, is termed the lead of the valve, and in con- 
structing our diagram (Fig. 6) we made Q L equal 
to the lead that was given. Following the crank as 
it revolves, we find that when it has reached the 
position A X the port is open an amount equal to 17/, 
and when in the position A E the port is open an 
amount equal io ZE^ which is its greatest opening, 
for as the crank moves beyond this position, the 
radius vector becomes less, and the valve commences 
to close the port again, thus when the crank has 
reached the position A J5, the port is only open an 
amount equal to S e, and in the position A P the 
radius vector, A F, of the valve-circle is again only 
equal to the radius of the lap-circle, in this position, 
therefore, of the crank, the valve has just closed the 
port, hence AP ia that position of the crank, at 
which the admission of steam to the cylinder ceases 
and expansion begins, and when the crank has 
reached A H, the valve is again in its central position, 
and as the crank passes from H to I, intersecting the 
secondary valve-circle, the valve opens and closes 
the port at the right-hand end of the cylinder, in the 
same way and in the same relative positions of the 
crank, as it did at the left-hand end, whilst the crank 
was intersecting the primary valve-circle. In pre- 
cisely the same manner, by making the lap-circle 
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VQT with a radius equal to the inside lap of the 
valve, the opening and closing of the port, on the 
exhaust side of the valve, can be ascertained, only it 
must be borne in mind, that when the valve moves 
to the right of its central position, the port at the 
right-hand end of the cylinder is opening into the 
exhaust, while at the same time the port at the left- 
hand end of the cylinder is opening into the steam 
chest to admit steam into that end of the cylinder, 
and viee versa. Now, supposing that it is required that 
the exhaust shall open when the crank reaches the 
position represented by the line A a (Fig. 6), let this 
line intersect the secondary valve-circle in the point 
i, then from the centre A, and with radius A 6, describe 
the circle bed; this will be the inside lap-circle, and 
its radius will represent the inside lap of the valve. 
If we examine this part of our diagram further, we 
shall find that the exhaust again closes at the position 
Af of the crank, at this point therefore compression 
begins. 

Application of the Diagram. 

We will next proceed to show how the diagram is 
applied to designing the slide-valve and port-faces. 
In the horizontal line, XY (Fig. 7), take any point X, 
and set oS XA equal U> AE (Fig. 6), representing 
the travel of the valve from its central position 
towards X, the point A (Fig. 7) will now represent 
the end of the valve. This diagram (Fig. 7) is 
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drawn, however, to a smaller scale than the previous 
one (Fig. 6). From A set off il B equal to -4 Q 
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(Fig. 6), this will represent the outside lap. From 
B (Fig. 7) set off B a equal to ^^ (Fig. 6), this will 
be the length of one steam-port measured in the 
direction of the motion of the valve. From C (Fig. 
7) set off CD equal to Ah (Fig. 6), this will repre- 
sent the inside lap of the valve. From C (Fig. 7) 
also set off CE, the length of the bar dividing the 
steam from the exhaust-port; this may be of any 
convenient length, provided it is of suflScient strength 
to resist the pressure of the steam, and give a fair 
bearing surface. In the present case we will make 
it equal to half BG, that is, equal to half the length 
of the port. From B set of^BF equal ijo AE (Fig. 
6), the travel of the valve, and from F (Fig. 7) set 
oS FG equal to B G, the length of the steam-port, 
EQ will now represent the length of the exhaust- 
port : and to complete our valve and port-faces, we 
have only to make the bar G I equal to GEy and set 
back the inside lap IH equal to CD, and from the 
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point I to set off the second steam-port JJ, equal •to 
the steam-port B C, and the external lap JK equal 
to the ^xterhal lap AS, and the sliding-face K Y 
equal to the sliding-face XA, our valve and port- 
faces are then completed. 
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PBOBLEM 11. 

7^ throw of the eccentric sheave, the poeition of the crank, 
when the steam is cut off, and the amount of lead required, 
being knoum ; to find the proper lap of the valve, and 
ike position of the sheave relative to the centre line of the 
crank. 

This problem is one that is frequently met with in 
practice, and the following will be found to be a very 
simple method of solving it. Draw the lines J5 O and 
CD (Fig. 8) perpendicular to each other, and inter- 
secting at the point A ; with this point as a centre, and 
with a radius equal to the given throw of the eccentric 
sheave, describe the circle BDOC. Draw -4 P to 
represent the given position of the crank when the 
steam is to be cut off, this representative position, AP, 
of the crank in the diagram (see p. 10) being drawn 
at the same angular distance from ^ D as the given 
position of the crank itself, when the valve closes the 
port, is from its real position at the commencement 
of that stroke of the piston. We next take as a 
centre the point D, at which the line A D intersects 
the circle BDGC, and with a radius equal to the 
given lead of the valve, we describe the circle HT, 
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which we shall henceforth term the lead-circle, then 
from the point P draw a straight line touching this 
lead-circle at the point H, and cutting the circle 
BDGC in the point K, Join A K, and from the 
centre A describe a circle, V ZB, touching the line 
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P E" at the point Z, this circle, VZR, will be the lap- 
circle. From P and K, as centres, describe arcs inter- 
secting at the point .0. Join A 0, cutting the circle, 
BDGC, in the point E, then A will be at right 
angles to P E, and A E will be the real position of 
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the centre line of the eccentric sheave when AC 
represents the real position of the crank, upon A E 
as a diameter describe the valve-circle ELV, which 
will cut the lap-circle in the points B and V, in which 
points it is already intersected by the lines A P and 
A K, Then AE ib the position of the crank when 
the valve just commences to open the port, and Q L 
is equal to D jT, the radius of the lead-circle, which 
was originally made equal to the given lead, there- 
fore the amount of lead, Q L, is equal to the given 
amount of lead. It is also clear that the valve has 
just closed the port in the given position, A P, of the 
crank, at which it was required that the steam 
should be cut off, and the radius of the lap-circle, 
V ZB, represents the amount of lap that the valve 
ought to have, in order that the various given re- 
quirements may be fulfilled. 

As it may not be quite evident to everyone, at 
first sight, why it is that QL, representing the 
amount of lead of the valve, should be exactly 
equal to the radius of the circle, THy which we 
have termed the leadreirdey and the use of which 
is now introduced for the first time, we will pro- 
ceed to show how this equality between QL and 
the radius of this circle exists. Join EB and 
EL (Fig. 8), which will be perpendicular to AK 
and-4D respectively (Euclid III. 31). Draw DF 
parallel to KZ. Join D JBT, which will of course be 
equal to FZ. Then in the triangles EAB,KAZ, 
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we have EA equal to AK, and the angle EAK 
common to the two triangles, and the angle EBA 
equal to the angle KZA, both being right angles, 
therefore the triangles EAB and KAZaxe in every 
respect equal to each other, and the side AZ is 
equal to the side A B. Again, in the triangles 
EAL, DAF, we have EA equal to AD, and the 
angle EAB common to the two triangles, and the 
angle EL A equal to the angle DFA, both being 
right angles, therefore the triangles EAL and DAF 
are in every respect equal to each other, and the 
side FA is equal to the side AL; but ZA has been 
proved to be equal to AB, and A Q is equal to A By 
being a radius of the same circle VZB, therefore 
AZia also equal to ^ Q, and these form parts of the 
equal lines AF and AL, therefore the remaining 
parts ZF and Q L of these lines are equal to each 
other, but Q L represents the amount of lead of the 
valve, therefore FZ also represents this lead, and 
FZ has been shown to be equal to D JBT, therefore 
QL ia also equal io DH, which is a radius of the 
lead-circle, and made equal to the given amount of 
lead, therefore the lead QL is equal to the given 
amount of lead. 
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PROBLEM m. 

lite amount that the port ia to he open for any particular 
position of the cranky the position of the crank itself when 
the steam is ctU off, and the amount of lead being knoum ; 
to find the lap of the valve, the throw of the eccentric 
sheave, and its position vdth regard to the centre line of 
the crank. 

This problem, and the next, which is a modifi- 
cation of it, are certainly by far the most important 
problems in conjunction with simple valve gearing, 
and they are at the same time about the most diffi- 
cult to solve by calculation. The author has ar- 
ranged the following very easy graphical method of 
solving them, by means of which results are obtained, 
which are absolutely correct, excepting only as far 
as the theoretical deviation, due to the angular motion 
of the eccentric rod, is concerned, and which deviation, 
as we bave already mentioned, is perfectly inappre- 
ciable in practice. 

Draw A B (Fig. 9) to represent the amount the 
port is to be open at the given position of the crank, 
and make AG to represent the required amount of 
lead. From the point C draw CD to represent the 
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position of the crank at which the steam is to be cut 
off from the cylinder. Draw CE Bi right angles to 
CD and AF oi right angles to AB, intersecting 
the line C^ in the point O ; set oS GE equal to GF, 
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and with the points E and F as centres and with 
equal radii describe arcs intersecting at the point f . 
Join B.G. From the point G draw C7I to represent 
the position of the crank at which it is required that 
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the port shall be open the given amount A B. Draw 
(7/ at right angles to (71, and from the point B draw 
JB Z" perpendicular to AB, intersecting the line CJ 
in the point L. Set off i JT equal to 1/ C, and with 
the points E and as centres and with equal radii 
describe arcs intersecting at the point M. Through 
the points M and L draw a straight line intersect- 
ing the line G H in the point N; then this point N 
will represent the centre of revolution of the eccentric 
sheave, that is the centre of the crank-shaft, and the 
point C will represent the centre of the sheave itself. 
Join NC, which will be the diameter of the primary 
valve-circle, and represent the throw of the eccentric 
sheave and its position relative to the real position 
XN o{ the crank. Upon this diameter describe the 
primary valve-circle CQN, and from the centre N 
describe the circle OjTF, touching the lines OE 
and GFj this will be the lap-circle, and will re- 
present by its radius the required lap of the valve. 
Again from the centre N^ and with radius N G, de- 
scribe the circle GKX, and from the point N draw 
NBj passing through the point of intersection of 
the lap and valve circles, and NS, passing through 
the point P, where the valve-circle cuts the line CJ. 
Then draw N U parallel toAB. It will now be quite 
clear that, in the position NS o{ the crank, the port 
will .be open an amount TP, and this position re- 
presents the given position 01, because NSia par- 
allel to (7 J, both being at right angles to CJ, and the 

D 
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amount of opening, TP, can easily be shewn to be 
equal to F TF, which is again equal to A B, the given 
amount. It will also be seen that the port is just 
closed and the steam cut off from the cylinder when 
the crank reaches the position NB, which represents 
the given position CD, because NB is parallel to 
CD, both being at right angles to CE. Again the 
port is opened, an amount VQ, when the piston com- 
mences its stroke and the crank is at the dead-point 
NU; this amount is therefore the lead, and it is equal 
to A C the given amount of lead, for if we join C Q, 
this line CQ will be perpendicular to NQ (Euclid 
III. 31), but -4 F is perpendicular to NQ, therefore 
CQ will be parallel to AV, and VQ being drawn 
parallel to AG, must also be equal to it. 

To find the point N, it is only necessary to bear in 
mind that it is that point in the line O H, which is 
equidistant from the line CJ and the perpendicular 
B K, and in practice it may easily be found by trial 
with a pair of compasses. 

In cases in which TP represents the whole length 
of the port in the steam chest (measured of course 
in the direction of motion of the valve), from the 
centre N and with radius NP describe an arc cutting 
the valve-circle in the points P and a respectively 
and the line NC in the point Y (this arc does not 
necessarily pass through the point (?), then, as 
we see from the diagram, when the crank is in 
the position N8, the valve is at a distance NP 



SIMPLE VALVE GEAR, 35 

from its central position, and the port is open an 
amount TP, which we have assumed tb be its full 
opening, but when the crank reaches the position 
NCy coinciding with the diameter of the valve-circle 
C PNy then the valve will be at a distance NC from . 
its central position, but as the port is full open when 
the valve is at a distance, N Y, equal to NP from its 
central position, it is clear that in the position, NC, 
of the crank the valve has not only opened the port 
fully, but has passed a distance, YC, beyond its 
edge, so that it has to return through this distance 
before it can commence to close the port, and 
ive find that when the crank reaches the position 
NZ, passing through a, the point of intersection of 
the arc PYa and the valve-circle CPN, then the 
valve has returned towards its central position this 
amount YC, and is just about to commence the 
closing of the port; from the foregoing it is clear that 
under these circumstances the port remains open its 
full amount during the whole time that the crank is 
travelling from the position NS to the position NZJ 
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PEOBLEM IV. 

The greatest amount thcU the port %8 to he opened, the 
position of the crank when the steam is to he cut off from 
the cylinder, and the amount of lead heing given ; to find 
the lap of the valve, the throw of the eccentric sheaioe, and 
its position relative to the centre line of the crank. 

Draw AB (Fig. 10) to represent the greatest 
amount that the port is to be opened, and set off 
AGU> represent the amount of lead required. From 
the point C draw CD to represent the position of 
the crank at which the steam is to be cut off from 
the cylinder. Draw GE at right angles to CD, and 
il i^ at right angles to ^ £ and intersecting the line 
CE in the point G. Through the point B draw HI 
parallel to AF, set off OE equal to GF, and with 
the points E and F as centres, and with equal radii, 
describe arcs intersecting at a point /. Join J G, and 
produce it till it intersects the line HI in a point K. 
Join K C. With the point G as centre describe an 
arc touching the line HI and intersecting the line 
KG in the point L. Join L G, and from the point 
draw GM parallel to LG and cutting the line G / 
in tne point M. Then this point M will represent 
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the centre of revolution of the eccentric sheave, that 
is the centre of the crank-shaft^ and the point G will 
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represent the centre of the sheave itself, and the line 
MC will be the diameter of the primary valve-circle, 
and will represent the throw of the eccentric sheave 
and its position relative to the real position, TM, of 
the crank. Upon this diameter describe the primary 
valve-circle CBM^ and from the centre, Jf, describe 
the circle N8Q, touching the lines O E and OF ; this 
will be the lap-circle, and will represent by its radius 
the required lap of the valve. Again, with the centre 
M and with radius M C describe the circle CP T, and 
from the point M draw Jf 0, passing through the point 
of intersection N of the lap and valve circles, and 
draw MP parallel to AB, It will now be quite 
clear that the greatest opening of the port will be 
an amount equal to SC, and this, as can readily be 
seen, is equal to Q P, which is again equal to A B, the 
given amount. It will also be seen that the port is 
just closed and the steam cut off from the cylinder 
when the crank reaches the position M 0, which re- 
presents the given position CD^ because MO ia 
parallel to CD, both being at right angles to CE. 
Again the port is opened an amount Q B when the 
piston commences its stroke, and the crank is at the 
dead-point MP, this amount is therefore the lead, 
and it is equal to AC the given amount of lead, for 
if we join C B this line CB will be perpendicular to 
MB (Euc. III. 31), but A Q is perpendicular to JlfJJ, 
therefore GB will be parallel to AQ, and QB being 
drawn parallel to AG it must also be equal to it. 
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To find the point M it is only necessary to bear in 
mind that it is that point in the line Q J which is 
equidistant from the point G and the line J? J, and 
in practice it may easily be found by trial with a 
pair of compasses,, as soon as we have drawn the line 
G Jy but as in some cases it may be preferred to find 
the point M by the construction we have given, and 
as it may not be quite evident at first sight why the 
line CM drawn parallel to the radius L O represents 
tlie throw and centre line of the sheave, and inter- 
sects the line OJm the point My so that this point 
shall be equidistant from the point C and the line 
Sly we will proceed to explain the connection. 
Draw G U parallel to MP. Then in the triangle 
KMCsLsKM is to KG so is MC to GL, because 
MG is parallel to GL, and in the triangle KMP as 
KM is to KG so is MP to GU, because GU is 
parallel to MP. Hence MG is to GL as MP is to 
G U, but GL is equal to GU, they being radii of 
the same circle, therefore as Jf (7 is to GL so is MP 
to GL, and thus MC must be equal to MP. 
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EXPANSION GEARING. 

We have hitherto been investigating the move- 
ments of a single slide-valve ; we will now proceed 
to shew the application of the diagram to demon- 
strate the movements of two slide-valves, either 
independently or with reference to each other, as 
usually occurs in expansion gearing. 

Let the point A (Fig. 11) represent the centre 
of the crank-shaft, and A E the centre line of the 
ordinary or distribution valve eccentric sheave ; at 
the same time let A F represent the centre line of 
the sheave that moves the second or expansion 
valve. Join EF. Draw -45" parallel and equal to 
E F, and join HE, which will be parallel and equal 
to A F, Upon AE, AF, and A H respectively, as 
diameters, describe circles; that upon AE will be 
the primary main valve circle, that upon A F will 
be the primary expansion valve circle, and that 
upon A H will be the resultant circle, demonstrating 
by its radius vector the motion of the expansion 
valve with reference to the main valve. The line 
A E cuts the three primary circles in the points E, K 
and / respectively. Then the original position of 
the (assumed) centre line of the crank being at A 2>, 
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which is the dead-point on the right of the line 
B Q (see p. 16), the length of the radius vector A E 
(which in this particular case coincides with and is 
equal to the diameter) shows that the main or dis* 
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tribution valve is to the right of its central position 
a distance equal to AE ; but at this position of the 
crank the expansion valve is only to the right of its 
central position a distance equal to A Ky that is, the 
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difference between the distances of the centre lines 
of the two valves from their central position, and 
hence their distance from one another is an amount 
equal to KE ; but the radius vector, A J, of the re- 
sultant circle also represents this distance. Now if 
from A, as a centre, a circle be drawn with a radius 
equal to the distance that the centres of the valves 
have to be from each other just when the upper 
Valve closes the port in the distribution valve, 
then when the crank intersects the points where the 
resultant circle cuts this circle, the port in the dis- 
tribution valve will, if the crank is approachingf the 
diameter of the resultant circle, just be closing ; and 
if receding from the diameter, the port will just be 
opening. 

We will now proceed to show why -4 / is exactly 
equal to EK. Join fi"c7"and KF ; then EA^ having 
been made parallel and equal to EF, the alternate 
angle HA E is equal to the alternate angle FEA, and 
the angles HJA and AKF, being angles contained 
in semicircles, are each right angles, and the supple- 
mental angle FKE must therefore also be a right 
angle and equal to the angle -4 /S Then in the 
triangles EKF and AJHihB side HA is equal to 
the side EF^ and the angle HAJ is equal to the 
angle KEF, and the angle AJH is equal to the 
angle ^JK'jP; therefore the triangle EKF is equal 
to the triangle A JH, and the side AJia equal to 
the side EK. 
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Next we will take the case of the crank being iu 
the position AB (Fig. 12). Here the centre lines 
of the two valves will be distant from their central 
position and from one another an amount equal to 




Fta^ iZ, 



KMy but the radius vector, A /, of the resultant 
circle, HSJ, also represents this distance as before, 
which we will now proceed to prove. Join HJ, EM, 
and FK; from the point E draw a line parallel to 
MA, and meetiug FK produced in the point L. 



44 DESIGNING VALVE OEA&ING. 

AH was made equal and parallel to EF, and the 
alternate angle AEFis equal to the alternate angle 
EAHy and the alternate angle LEAia equal to the 
alternate angle JAE; therefore, the whole angle 
LEF \b equal to the whole angle J AH, and the 
angles AJH and AKF, being angles contained in 
semicircles, are each right angles and equal to one 
another. But the angle LKM iq equal to the 
vertical angle AKF, and is therefore also a right 
angle; and the line EL being drawn parallel to 
MK the angle ELK ia equal to the angle LKM, 
therefore the angle ELK ia also a right angle and 
equal to the angle AJH. Then in the triangles 
A JH and ELF, EFis equal to HA, and the angle 
J AH is equal to the angle LEF, and the angle 
AJH is equal to the angle ELF, therefore the 
triangle AJH is equal to the triangle ELF, and 
the side A J to the side EL; but EL is drawn parallel 
to MK, and the angle AKFhas been shown to be 
a right angle, the supplemental angle FKM is 
therefore also a right angle, and the alternate angle 
EMK, being the angle contained in a semicircle, 
is a right angle; therefore the line KL must be 
parallel to the line EM, and MK equal to EL; but 
^cT* is equal to EL, therefore AJia also equal to 
KM. 



EXPANSION GEARING. 45 



PEOBLEM V. 

The respective positions of the crank, at which the exhaust 
shall he opened and closed, the amount of lead, and the 
position of the crank at which the steam port in tlie cylinder 
shaU he closed and the steam cut off hy the main valve, 
heing given ; to find the position and throw of the eccentric 
sheave, and the am,ount of the internal and external laps 
of the main valve. 

In the preceding problems we can cause the ex- 
haust to take place at any position of the crank that 
we may find necessary by simply making the internal 
lap of the corresponding amount, but the later in 
the stroke that we make this exhaust to take place 
so much the earlier will compression commence, 
hence if w^ require the exhaust and the compression 
each to take place at given positions of the crank, 
we must construct our diagram accordingly. 

In the horizontal line/^ (^^g* 13) take any point 
il, and draw A Yin the direction in which the crank 
is to be when the exhaust opens, and A Zt in the 
direction it is to be when the exhaust closes and com- 
pression commences, make A Y equal to ^ ^, and 
from Y and Z, as centres, describe equal arcs inter- 
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secting at any point i, through this point draw A B, 
which will be the line containing the diameters of 




Fi^a 13, ^ G 



the main valve- circles. From the point A draw A O 
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in the direction in which the crank is to be when the 
main valve closes the steam-port in the cylinder, care 
being taken to arrange that this shall be before the 
expansion valve re-opens the port in the main valve. 
From A draw AD at right angles to A C, and upon 
the line J./ set off AE equal to the required lead, 
and from A and E draw A G and £ jP each perpendi- 
cular to/^,^the perpendicular at E intersecting the 
line il D at the point H: from this pointy H, set off 
^ J equal to HJ^ and with the points I and /as 
centres, and with equal radii, describe arcs inter- 
secting at any point K. Join HK cutting the line 
AB in the point L, which point will represent the 
centre of the crank-shaft. Through the point L draw 
r r parallel to fff, then L A will be the diameter of 
the primary main valve circle, and will represent 
the position of the main valve eccentric sheave rela* 
tive to the real position, LBr,oi the crank. From 
the centre L, and with radius L A, describe a circle 
cutting the line AB in the point p. Upon L A and 
Lp Q& diameters describe circles, these will be the 
primary and secondary main valve circles respectively. 
From the centre, L, describe the circle I MS touching 
the lines HD and HF at the points I and Jlf respec- 
tively ; this will be the external lap-circle, and will 
indicate by its radius the external lap of the main 
valve. Draw L W and L X parallel to AY and A Z 
respectively, then L W will represent the position of 
the crank when the exhaust is to open, and L X its 
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position when tlie exhaust is to close ai^d compression 
to commence. Draw L P parallel to -4 C, then L P 
will represent the position of the crank at which the 
main valve closes the port in the cylinder. From 
the centre^ L, describe the circle, e A, passing through 
the points, at which either the primary or secondary 
main valve circle intersects the lines L W and L X, 
in the figure before us this intersection taking place 
with the secondary main valve circle. Then this 
circle, eh, will be the internal lap-circle, and will 
represent by its radius the internal lap of the valve. 
Our diagram 'is now complete, and the results ob- 
tained by it are clearly shown to be in accordance 
with the given particulars. 

Although this and the following problem refer 
more particularly to the action of a single slide-valve, 
it must be understood that this valve is intended 
to form the main valve in an expansion combination, 
in which, as the cutting off of the steam is done by 
the expansion valve, we are free to place the eccen- 
tric sheave of the main valve at such an angle as 
shall cause the opening and closing of the exhaust 
to take place at given positions of the crank. 
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PROBLEM VI. 

The respective positions of the crank at which the exhaust is 
to open and close, the amount of lead, and the amount the 
steam-port is to he open for a certain position of the cranky 
being given ; to find the position and throw of the main 
valve eccentric sheave^ the point of cut-off of the main 
valvCy and the external and internal laps of the same. 

In the horizontal line, Jf ^(Fig. 14), take any point 
A. From A draw A B in the direction in which the 
crank is to be when the exhaust opens, and A 8 in its 
direction when the exhaust closes, and make A B and 
A 8 equal to each other. From the points B and 8 
respectively as centres, and with the same radius, 
describe arcs intersecting at any point B. Join A B. 
From A set oS AE equal to the required lead, and 
from the points A and E respectively, draw the lines 
EH and A t perpendicular to MN. From the point 
A draw A (7 parallel to the given direction of the crank 
in which it is required that the steam port shall be 
open a given amount ; from -4 set off -4 D equal to this 
amoimt, and through the point D draw IG B.t right 
angled to A (7, and cutting the perpendicular EH in 
the point Q ; set off (? Jand Q fl" equal to each other, 
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and from H and I as centres and with the same 
radius describe arcs intersecting at any point J. Join 
J G intersecting the line AB in the point K^ which 
point will represent the centre of the crank-shaft. 




Fvg . /4 



and KA will represent the throw of the eccentric 
sheaYOy and be the diameter of the primary main 
▼alve circle. Through the point K draw V ffparal- 
lel to MN; then the line KA representa the posi- 
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tion of the eccentric sheave relative to the real 
position jSTF of the crank. Draw EO and KP 
parallel to ^ i2 and A 8 respectively, and with the 
point K SB B, centre describe a circle touching the 
perpendicular EH at the point e, and the line 10 
at the point Z, this will be the external lap^circle, 
and will represent by its radius the external lap of 
the main valve. Upon jBT^ as a diameter describe 
the primary main valve circle. From K draw KL 
parallel to the given direction AC oi the crank. 
This line will, of course, pass through the point Z. 
It will now be quite evident from the diagram, 
that in the given direction KL of the crank, the 
steam-port is open an amount, ZL, equal to AD, 
the given amount. From A draw A Q touching 
the external lap-circle at the point Q, where it 
intersects with the primary main valve circle. 
Through the point Q draw the line KF, which 
will represent the direction of the crank when the 
main valve closes the steam-port. Produce AK 
to X, making KX equal to KA, and upon KXas a 
diameter describe the secondary main valve circle 
intersecting the lines KO and KP in the points U 
and T nespectively. From the centre Ky and with 
a radius ecjaal to KUot KY, which will represent 
the internal lap of the valve, describe the internal 
lap-circle. Our diagram is now complete, and the 
results obtjained by it are in accordance with the 
given particulars. 
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Although this and the preceding problem refer 
more particularly to the action of a single slide- 
valve, it mnst be understood that this valve is in- 
tended to form the main valve in an expansion 
combination, in which, as the cutting off of the steam 
is done by the expansion-valve, we are free to place 
the eccentric sheave of the main valve at such an 
angle as shall cause the opening and closing of the 
exhaust to take place at given positions of the 
crank. 
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PEOBLEM Vn. 

TIte lead, point of cut-off, and the amounts the ports are to 
he opened, for given positions of the crank, being deter- 
mined, (according to circumstances ; to find the laps of the 
main valve and the respective throws of the main and 
expansion valve eccentric sheaves, and their positions rela- 
tive to the centre line of the crank ; and further, the 
dimensions of the steamrporis in the steam-chest heiTig 
given, to determine the dimensions of the exhaust-port and 
of the various portions of the valves themselves. 

This problem, as will be seen from the enunciation, 
embraces everything neeees^^ry for getting out a 
complete expansion gear with two slide-valves. 

Draw AB and CD (Fig. 15) at right angles to 
each other, and let FB represent the assumed posi- 
tion of the crank at the commencement of the stroke. 
Set off FT equal to the amount the port in the 
main valve is to be open, when the crank is in any 
particular position, such as F W. Draw FF in the 
direction in which the crank is to be, when the port in 
the m£dn valve is just closed by the expansion valve, 
that is when the steam is just cut off. Through the 
point F draw IJ at right angles to FE, and trom 
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the point T, and at right angles to F W, draw Y jff, 
meeting J?" Jin the point JT. Make FK equal to FH^ 
and upon FH and FKas diameters describe circles ; 
these will be respectively the primary and secondary 




resultant circles. We shall now proceed to find the 
main valve circles, but before doing so must deter- 
mine the amount of lap that the main valve is to 
have; this may in most cases be of the smallest 
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amount, say one-eighth of an inch, when the line of 
the diameters of the resultant circles is taken at right 
angles to the direction of the crank at the point of cut- 
off, as in the present case. Otherwise, and when there 
is danger of the expansion valve reopening the port in 
the main valve before the latter has closed the port 
in the cylinder, determine the position of the crank, 
at which the expansion valve just commences to re- 
open the port in the main valve, and it is desirable 
that at this moment the main valve shall not only 
have fully closed the port in the cylinder, but shall 
also be overlapping it by at least one-eighth of an 
inch. We now proceed by either Problem lit, or 
Problem IV., to find the required lap of the main 
valve, and the position and throw of its eccen- 
tric sheave ; but in each of those problems we drew 
C D in the given direction of the crank, when the 
port was to be just closed and the steam cut off. 
Now, however, we draw CD (Fig. 16) in the direc- 
tion in which the crank is when the expansion valve 
just begins to reopen the port in the main valve. 
From the point C (Fig. 16) set oS GE equal to the 
given amount that the main valve is to overlap 
the port at the given position CD oi the crank, 
and this amount, as we have just stated, should not 
be less, in ordinary cases, than about one-eighth 
of an inch. From the point E draw EF ai right 
angles to the line CD, and through the point il draw 
Q H perpendicular to AB, and cutting E F in the 
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point O : set oflf G JF equal to G H, and with the points 
F and JT as centres, and with equal radii, describe 
arcs intersecting at any point J. Join IG, Then 
the centre of the crank-shaft, and hence the centre 
of revolution of the eccentric sheave, will lie some- 
where in the line IG, and the centre of the eccentric 



A c 




sheave itself will coincide with the point C; and this 
centre of revolution of the eccentric sheave in the 
line IG may be found as in Problem lU., or as in 
Problem IV., according to which results are re- 
quired to be obtained, for if we require the port in 
the cylinder to be open a given amount at a certain 
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position of the cranky we proceed as in Problem IIL ; 
if, however, we only require that the maximum open- 
ing of the port shall be equal to a given amount, 
withotU reference to the position of the crank at that 
momenty we proceed as in Problem IV. But we 
almost invariably require in expansion gearing with 
two valves that at a given position of the crank the 
corresponding ports in the cylinder and main valve 
should be open a certain given equal amount ; this 
will of course form the maximum steam passage; 
because, as the one port becomes more open, the 
other becomes more closed. This will be quite clear 
from the diagram, and the through passage of the 
two corresponding ports cannot be greater in area 
than the opening of the port which is the most 
closed. We have already constructed the resultant 
circles of our diagram (Fig. 15) so as to cause the 
port in the main valve to be open an amount equal 
to FY when the crank is in the position F W: we 
have now therefore only to obtain by Problem III. 
the throw of our main valve eccentric sheave, and 
its position with regard to the centre line of the 
crank, so that, besides giving the necessary lead and 
causing the valve to close the port in the cylinder at 
the required time, it shall cause the port in the 
cylinder to be open an amount equal to F ^ (Fig. 15) 
at the position FWot the crank. In working out 
these required particulars it is desirable to make 
use of a separate diagram transferring to our expan- 
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sion diagram the lap and main valve circles, other- 
wise the number of lines might make the diagram 
too confusing. 

We will now revert to the case, in which, as we 
have already explained, we may safely assume the lap 
of the main valve, making it only just sufficient to 
close the ports securely, but even this is not abso- 
lutely necessary in aU cases, as the combination may 
be so arranged that the main valve will close the port 
in the cylinder before the expansion valve reopens the 
port in the main valve, while the main valve itself 
has even what is termed negative lap, that is, the valve 
is shorter between its cut-oflf edges than the distance 
between the extreme edges of the two steam-ports ; 
but it is better to take some positive lap for the main 
valve, otherwise when our figure is nearly complete 
we may find that the main valve closes the port too 
late, and have to entirely reconstruct the di£igram 
from the beginning ; for this reason we prefer to de- 
termine the particulars of the main valve by the direct 
method we just now explained as being quite certain, 
but when this is not done, and the lap of the main 
valve is determined arbitrarily, set this lap off from 
F to N (Fig. 15), and describe the lap-circle cutting 
FY in the point V; set off the required lead from jiV" 
to M, and at the point M erect a perpendicular. 
Now FW is the position of the crank at which it is 
required that the port in the cylinder shall be open 
an amount equal to F ¥; set this distance off from 
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F to X From the point X, and at right angles to 
F Wy draw XO, cutting the perpendicular Jf in the 
point 0. Join OF ; this will be the diameter of the 
primary main Talve circle, and wiU represent the 
throw of the main valve eccentric sheave, and its 
position with regard to the real position of the crank 
A F. Produce -F to P, making F P equal to 2^. 
Upon OFoxudi FP a,8 diameters describe circles ; these 
will be the primary and secondary main valve circles 
respectively, and whether we obtain these by this 
method, or by the previous and direct one, we next 
proceed in either case as follows. From the point 
and through the point /Sf, where the valve-circle OXF 
cuts the line FE, draw OJB, this will be parallel to 
FH, and from the point H draw HB parallel to 
FOy and intersecting the line OB in the point iJ* 
Join FM; then will FB be the diameter of the 
prinjary expansion valve circle and represent the 
throw of the expansion valve eccentric sheave and its 
position with regard to the real position AF o{ the 
crank. Produce BF to Q, making FQ equal to 
BF. Upon B F and FQas diameters describe circles, 
these will be the primary and secondary expansion 
valve circles respectively. We have now to decide 
upon the inside lap of the main valve, and as the 
method of doing this has been fully explained in 
Problem I., we need not do more than apply it to 
our present diagram, and to simplify matters we will 
assume that the .exhaust is to open when the crank 
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reaches the position F G. In this position the centre 
line of the crank cuts the secondary main valve- 
circle at the point Z, then FZ will be the inside lap 
of the main valve ; but FZ is one of the radii of the 
outside lap-circle, and it represents the outside lap 
of the valve, therefore in the present instance the 
inside lap of the valve is made equal to the outside 
lap. Our diagram is now complete, and we will 
next proceed to show how to apply it to designing 
the slide-valves themselves, and the face of the ports 
in the steam-chest. We will take this latter first, 
and in the present case we will assume that the 
steam-ports are of the same length (measured always 
in the direction of the travel of the valve) as the 
throw of the eccentric sheave less the outside lap 
of the valve ; thus J?'0 (Fig. 15) represents the throw 
of the eccentric sheave, and hence half the travel 
of the valve. From this deduct the outside lap F ?7, 
and the remainder, UOf will in the present case 
represent the length of the steam-port. 




ZZZD 



In the straight line A B (Fig. 17) take any point 
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Ey and from this point set off EF equal to FU 
(Fig. 15), the outside lap of the main valve ; then 
the point F will represent the outside edge of one 
of the steam-ports. From F set off F (?, equal to 
the given length of the steam-port, measured as 
just explained. From G set off Gfl", equal to FZ 
(Fig. 15), the inside lap of the valve. From G 
also set off GI, the length of the bar dividing the 
steam from the exhaust port, this, as explained in 
Problem I,, may be of any convenient length, pro- 
vided it is sufiSciently strong to resist the pressure 
of the steam and give a fair bearing surface for the 
valve to work upon ; we will now take such a length 
for instance as one-half of the length of the steam- 
port FG. From the point JET set off Si J equal to 
FO (Fig. 15), the half travel of the valve, and from 
the point J set off JK equal to FGy the length of 
the steam port. IK now represents the length of 
the exhaust port. From the point K set off KL 
equal to (? J, this will represent the bar separating the 
exhaust from the second steam-port, and the point 
L will represent the inner edge of that port. From 
the point L set back the inside lap LM equal to 
GH. From L also set off the second steam-port 
LN equal to FG. From the point N set off the 
outside lap N 0, equal to E F. From the points E 
and respectively set off EP and Q, each equal 
to FG OT LN: these will represent the steam-ports 
in the main valve itself. From P and Q set off P ii 
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and Q 8 equal to each other ; these will form the ends 
of the main valve, closing in the steam- ports which will 
thus pass through it, but these ends may be of any 
convenient length, provided they are of sufficient 
strength to resist the pressure of the steam and offer 
sufficient bearing surface on the faces. From the 
points jB and 8 respectively set off iJ T and 8 U, each 
equal to FO (Fig. 15), the throw of the eccentric 
sheave equal to the half travel of the valve* Then 
T U will represent the total length of the port face 
in the steam-chest. We now proceed to determine 
the total thickness of the main valve, so as to be 
able to set out its upper face, upon which thd 
expansion valve slides, but as the thickness of this 
main valve is regulated by the internal dimensions 
of the exhaust chamber within it, we must first 
set out this chamber itself. The length of thii9 
across the mouth is, as we have already shown, 
equal to HM^ and its height should be at least equal 
to once-and-a-half the length of one of the steam- 
ports. At such a distance above the line TUj and 
parallel to it, draw the line VW, which will repre- 
sent the top of the exhaust chamber; above this 
allow a sufficient thickness of metal, and draw the 
line XT, this will represent the upper surface of the 
main valve ; the face, however, upon which the ex- 
pansion valve slides should be slightly raised above 
this ; draw the line ah at say three^sixteenths of 
an inch above the top of the valve itself to represent 
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this fece. In the line ahy and at equal distances 
on each side of the centre line ZZy set out the ports 
he and /^, each equal in length to PJB or OQ, 
and connected to the same respectively by passages 
through the valve ; but to simplify matters we will 
take these ports as being vertical continuations of 
P E and Q, slightly enlarging the passs^ces, how- 
ever, inside, so as to facilitate fitting up the working 
edges. We next proceed to design the expansion 
valve. Upon referring to the diagram (Fig. 15), we 
find that when the crank reachea the position, FEy at 
which the expansion valve has jnrt closed the port 
in the main valve, that the expansion valve is at that 
moment in its central position on the back of the 
main valve, and as in that position its edges just, and 
only just, cover the ports in the main valve, it is 
quite clear that it can have no lap either positive or 
negative, and that its total length is exactly equal 
to & ^ O^ig* 17)9 the distance between the extreme 
edges of the two steam-ports in the upper £aee of 
the main valve. 

We have now only to determine the lengths of 
the relative sliding surfaces of the two valves, and 
in doing tliis it is necessary to make the sliding 
surface, ed and efy of such a length that they 
shall reach beyond the extreme point to which 
the end m or n of the expansion valve travels, 
otherwise the expansion valve might trip against 
the edge d or e ob its return stroke. We must 
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also take care that the points i or j in the expansion 
valve do not overshoot the edges e or f respectively 
of the ports in the upper ikce of the main valve. 
We find by the diagram (Fig. 15) that the length of 
half the travel of the expansion valve on the back of 
the main valve is represented by the line KF, that 
is, the expansion valve travels from its central posi- 
tion, m n (Fig. 17)» on the back of the main valve an 
amount eqnal to JET ^ in each direction. From h set 
off hp eqnal to KF^ and beyond the point p allow a 
mai^in of safety p d^ say of half-an-inch, or whatever 
circumstances may dictate, the point d will then 
represent the inner end of one of the upper sliding 
faces of the main valve ; the length ot ba may be 
determined by making it slightly less than KF 
(Fig. 15). To determine the length of the sliding 
face at the other end of the main valve, we have 
only to make fe equal to edy and ffh equal to 
ha. We next proceed to determine the lengths 
of the sliding faces, mi and jn, of the expansion 
valve. From C set oS Cq equal to If J* (Fig. 15), 
the half travel of the expansion valve on the back 
of the main valve, and beyond the point q allow 
a margin of safety q $, say also of half-an-inch or 
whatever may be necessary, mi will therefore be 
the length of one of the sliding faces of the ex- 
pansion valve. To find the length of the other &Lce 
we have only to make nj equal to m i. The reason 
we place the line contedning the diameters of the 
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resaltant circles at right angles to the position of the 
crank at which the cut-off takes place is that the 
expansion yalve shall be in the middle of its travel 
on the back of the main yalye at the moment of its 
catting off the steam, as in this position the expan- 
sion yalye is trayelling at its highest speed on the 
back of the main yalye, and relative to the same, 
thus it effects the sharpest cut-off. From this it will 
be clear that a yalye to produce the sharpest cut-off 
should have no lap whatever, but in order to maintain 
this in such cases as when the cut-off is not to take 
place till the crank has arrived at some given posi- 
tion OB the other side of FO, the diameter of the 
primary main valve circle, and when the main valve 
has changed its direction of motion we must con- 
struct the expansion valve with a port through it at 
each end, so that it shall still cut off the steam when 
it is moving in the reverse direction to the main valve, 
and we must then place the expansion eccentric 
sheave to follow that of the main valve, still bearing 
in mind that the primary resultant circle is the one 
that indicates the movement of the centre of the 
expansion valve to the right of that of the main valve. 
Our two valves are now complete as far as our 
present investigations are concerned, the question of 
connecting them up with the eccentrics being beyond 
the province of this treatise. 
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PROBLEM VIII. 

Hie throw of the eccentric sheaves, the amount of lead, and 
the point of culroff being given ; to find the amount of lap 
for the main valve and the positions of the eccentric 
sheaves which will give the most rapid cut-off at the given 
position of the crank. 

This is a problem that will frequently present 
itself to the engineer when making improvements 
in old engines, as in such cases the existing eccen- 
trics will in all probability have to be used again. 
Draw AB, CD (Fig. 18) at right angles to each 
other and intersecting at the point E. With J? as a 
centre and with radii equal to the throws of the 
eccentric sheaves respectively describe the circles 
FKHhndGBD. The circle FKS will intersect 
the line E B in the point E, With this point as a 
centre and with a radius equal to the lead describe 
the lead circle. Determine the position of the crank 
at which it is required that the main valve shall just 
have closed the port in the cylinder, and to assist us 
in doing this correctly, draw through the point E the 
diameter QEL touching the lead circle LK on the 
lower side : then the main valve should close the port 
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in the cylinder before the crank reaches this position 
Q E, otherwise the valve would have negative lap^ 
which for some reasons may be inconvenient; we 
therefore take such a position for the crank as HE, 
at which the main valve is to just close the port in 




Fvg.18 . 



the cylinder. From fl" draw B.L touching the lead 
circle Kh, and cutting the circle FKHin the point 
L. With the points. H and L as centres, and with any 
convenient radius describe arcs intersecting at JB. 
Join EB, cutting the circle FEE in the point F; 

F 2 
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then the line EF will be the diameter of the 
primary main valve circle, and will represent the 
position of the main valve eccentric sheave ; with E 
as a centre, describe the lap-circle touching the line 
HL, Draw EG in the position the crank is re- 
quired to be when the expansion valve just closes 
the port in the main valve, and cuts off the steam. 
Through the point E draw IJ at right angles to 
EG. Upon EF as A diameter describe the primary- 
main valve circle intersecting the line EG in the 
point M. Join FM, and produce it till it cuts the 
circle GBD in the point S. Join E8y then E8 
will be the diameter of the primary expansion circle, 
and will represent the position of the expansion- valve 
eccentric sheave with regard to the real position A E 
of the crank; upon ^/S' describe the primary ex- 
pansion valve-circle; from 8 draw 8P parallel to 
FE^ and cutting EJ in the point P; make EN 
equal to EP, and upon EP and EN os diameters 
describe circles; these will be the primary and 
secondary resultant circles respectively. 

Now suppose it is required that, when the 
crank has reached a given position, the main valve 
shall not only have closed the port in the steam- 
chest, but also be overlapping it by a fixed 
amount. Let E (Fig. 18) be the given position of 
the crank : then with the point as a centre, and 
with a radius equal to the given amount that the 
valve is to be overlapping the port for that position 
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of the crank, describe a circle and draw HL as shown 
touching this circle and the lead circle JST, and cutting 
the circle FKHin the points ff and L respectively. 
Draw JE?B"and EL, Then as before with the points 
H and L as centres, and with the same radius de- 
scribe arcs intersecting at any point jB. Join EB, 
From the centre E describe a circle touching the 
line HL ; this will be the lap-circle, etc., etc. 

From the explanation given in Problem II., it 
will be evident that when the crank reaches the 
position E the valve will be overlapping the port 
by an amount equal to the radius of the small circle 
at 0, which was made equal to the given amount. 
Now in the foregoiug problem should it be required 
that the exhaust and compression should commence 
at given positions of the crank respectively, then we 
find the main valve-circles by Problem VI. (Fig. 14), 
and having done this we proceed to draw E G, etc., 
as already stated herein. 
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PROBLEM IX. 

To find the position of the cranh, at which the port in the 
main valve is open the same a/mount as the port in the 
cylinder. 

Let the circles 08F, B8F amd F YH (Fig. 19), 
represent respectively the primary main valve circle, 
the primary expansion valve circle, and the primary 
resultant circle. Let T VU represent the lap-circle 
of the main valve. From the point 0, the extremity of 
the diameter of the primary main'valve circle, draw 
straight lines to the extremities of the diameters of 
the primary and secondary resultant circles, viz., to 
the points H and K respectively. From the point 
F draw F G parallel to HO, and intersecting KO m 
the point Z ; with this point as a centre, and with a 
radius equal to ZF describe the circle GSF^ which we 
will term the primary differential circle, or simply the 
differential circle, unless in special cases we may have 
to use the secondary one as well. This differential 
circle will cut the lap-circle in the point V; through 
this point draw FVW, which will represent the 
position of the crank when the port in the main valve 
is open the same amount as the port in the cylinder. 

We will now proceed to explain the foregoing con- 
struction: It is quite evident from the diagram (Fig. 
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19) that when the crank is in the position FM, pass- 
ing through the point J, where the primary main valve 
and resultant circles intersect, the main valve is the 




same distance to the right of its central position on 
the port-face, as the expansion valve is to the right 
of its central position on the back of the main valve. 
But the main valve must be a distance from its central 
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position equal to its lap before it begins to open the 
port in the cylinder ; and therefore to attain the dis- 
tance it must be from its central position for the port 
in the cylinder to be open an amount equal to the 
amount the port in itself is opened by the expansion 
valve, it must have travelled from its central position 
through a distance just equal to its lap greater than 
the distance the expansion valve has travelled from 
the centre of the main valve. Now the circle de- 
scribed on the diameter FG represents by its radius 
vector the distance that the main valve is from its 
central position on the cylinder face greater than that 
which the expansion valve is from its central position 
on the back of the main valve ; and in the position 
2^ FF of the crank we find that the distance the main 
valve is from its central position, greater than that 
which the expansion valve is from its central position 
on the back of the main valve, is represented by the 
radius vector F F, which is also a radius of the main 
valve lap-circle, and is therefore equal to the lap of 
the main valve ; hence in that position of the crank 
the port in the cylinder is open an equal amount to 
the port in the main valve. In cases in which the 
main valve has negative lap, or the expansion valve 
has any lap either positive or negative, we have only 
to describe a circle about the centre F, whose radius 
represents the distance the main valve has to be 
from its central position on the cylinder &ce, 
either greater or less than that which the expan- 
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sion valve has to be from its central position on 
the back of the main valve, for the ports to be 
open aa equal amount. It vdll be quite evident, 
therefore, that if neither valve has any lap, or if the 
expansion valve has a lap equal to the lap of the 
main valve, the difference in the distances they 
have to travel will vanish, aad the port in the 
cylinder will be open an amount equal to the port 
in the valve, at the position FM oi the crank, where 
its centre line passes through J, the point of inter- 
section of the primary main and primary resultant 
circles. If, however, the positive lap of the ex- 
pansion valve is great^er than that of the main valve, 
we describe about the centre F the circle whose 
radius represents this difference of lap, and we pro- 
duce the line &i^to an equal distance on the other 
side of Fy and describe the secondary differential 
circle upon it, touching the primary differential 
circle at the point F ; and from this point, and 
through the point of intersection of the secondary 
differential circle and the small circle representing 
the difference of lap, draw a radius line : this will 
represent the position of the crank at which the port 
in the cylinder will be open an amount equal to that 
of the port in the main valve. From the preceding 
explanation it will be quite evident that we can vary 
the position of the crank at which the ports in the 
cylinder and in the main valve shall be equally open, 
and to do this it is only necessary to draw from the 
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point F a radius line representing the position of 
the crank at which it is required that the ports in 
question shall be open an equal amount ; and from 
the centre F, and through the point where this 
radius line intersects one of the differential circles, 
describe the lap circle, which will represent by its 
radius the difference between the laps of the main 
and expansion valves, or if the expansion valve is to 
have no lap, it will shew how much lap the main 
valve is to have, and whether positive or negative ; 
and if the radius line, representing the given position 
of the crank, cuts the primary difiTerential circle, then 
the lap of the main valve will be positive, and if 
it cuts the secondary differential circle, then the 
main valve will have negative lap. Care must 
be taken, however, not to alter the lap of the main 
valve beyond the limits laid down to meet the other 
requirements of the expansion gear; and it is most 
undesirable to give the expansion valve any lap, 
either positive or negative, as it would injuriously 
affect the sharpness of the cut-off, the valves being 
at their highest relative velocities when the crank is 
in the position FE^ at right angles to the diameters 
of the resultant circles, and in this position of the 
crank the cut-off should therefore take place; but 
were there any lap on the expansion valve, either 
positive or negative, the cut-off would take place 
either before or al'ter the crank had reached this 
positioUyi and would not therefore be so rapid. 
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PEOBLEM X. 

The position of the centre line of tJie resultant circles, the 
amowU the ports in the main valve are to he open at any 
particular position of the cranh, a>nd the position of the 
crank itself at which the cutoff is to take place, being 
given ; to find the length of the diameters of the residtant 
circles, and the amount of lap required to he given to the 
expansion valve. 

In expansion gearings in which the expansion yalve 
has a positive lap, or in the case of variable expan- 
sion gearing, in which the expansion valve has a 
varying lap imparted to it, and which lap is made to 
increase as an earlier cut-off is required, it is most 
essential that care should be taken to see that this 
lap does not absorb too much of the travel of the 
expansion valve relative to the main valve, or the 
port in the main valve will not be sufficiently opened 
for the admission of steam. To take an extreme 
case, were the lap of the expansion valve made equal 
to the travel of the valve itself, from its central to 
its extreme position, then it is quite evident that the 
port would not be opened at all. It is necessary 
therefore when designing valve gear to determine 
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upon that position of the crank at which the earliest 
cut-off is required to take place^ and then proceed as 
follows : — 

Draw AB (Fig. 20) to represent the (assumed) 
position of the crank at its dead-point, and AY to 
represent the centre line of the resultant circles, that 
is, the line containing their diameters ; and draw A Z 




to represent the position of the crank, at which the 
earliest cut-off is to take place, and ^1 Zr to represent 
the position of the crank, at which the port in the 
main valve is to be open the given amount. Upon 
the line ^1 Z set off AT equal to this amount. 
From the point T draw TP perpendicular to ^ ^. 
From the point A draw A M perpendicular to AL, 
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and cutting TP in the -point 0. Set off OP eqaal 
\o Ay and, from the points P and A as centres and 
with the same radius, describe arcs intersecting at 
any point Q, join Q 0, cutting -4 F in the point 
ly then will this point I represent the centre 
of the crank shaft, and I A the diameter of the 
primary resultant circle. From A draw A J 
parallel to TP, and with the point I as a centre, 
describe a circle touching the line AJ dX the point 
K; this circle will be the lap-circle, and its radius 
IK will represent the lap of the expansion valve. 
Upon J J. as a diameter describe the primary result- 
ant circle; and with the point J as a centre, and with 
a radius J-4, describe the circle A 8 J* From the 
point I draw IS parallel to the given position A L 
of the crank, and IS parallel to the given pogition 
AZ oi the same. IS will now represent the given 
position of the crank, at which it is required that the 
port in the main valve should be open the given 
amount, and ISv& intersected at the point B by the 
resultant circle, and at the point V by the lap-circle, 
hence at this position of the crank the port in the 
main valve is open an amount VBy which can be 
readily shown to be equal to KNy and KN to AT, 
which was made equal to the required amount that 
the port was to be open. Similarly IH will now 
represent that position of the crank at which it is 
required that the cut-off shall take place, and it 
passes through the point of intersection of the lap 
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and resultant circles, hence at this position of the 
crank the port in the main valve is just closed hj 
the expansion valve and the steam cut off. Through 
the point I draw E F parallel to AB, and CD at 
right angles to it. I F will now represent the assumed 
position of the crank, which A B was made originally 
to represent 

Our diagram is now complete, and we obtain from 
it the proper diameters for the resultant circles, and 
proceed to construct our expansion gear diagram 
(Fig. 21) accordingly. 
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PROBLEM XI. 

The positions of the crcmk, at which the exhaust is to be 
opened and closed respectively, the amount of lead and 
the amount the ports are to he opened for a certain posi- 
tion of the crank being given ; to find the positions and 
throws of the eccentric sheaves and the laps of the main 
valve. Also the dimensions of the steam-ports in the steam-' 
chest being given; to determine the dimensions of the 
exhaust port and of the various portions of the valves 
themselves. And any positions of the crank, at which the 
steam is to be cut off by the expansion valve being given, to 
ascertain the amount of positive or negative lap (if any) 
which must be given to the expansion valve at each of those 
positions. 

We first proceed by Problem VI. to find the 
position and throw of the main valve eccentric 
sheave, the position of the crank at which the main 
valve closes the port in the steam-chest, and the 
external and internal laps of the main valve. Having 
done this, we draw AB and CD (Fig. 21) at right 
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angles to each other, and intersecting at the point E, 
Draw EH to represent the position, and throw of 
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the main valve eccentric sheave, relative to the reai 
position AE oi the crank, as jnst ascertained by 
Problem YI., and similarly draw JS^X to represent 
the position of the crank when the main valve closes 
the steam-port in the steam-chest; and with the 
point JS as a centre, and with a radias equal to the 
ascertained external lap of the main valve describe 
the lap-circle KZW. Produce the line XE beyond 
the point E to any point 7, then the line X Y will 
represent the position of the cetitre line of the result- * 
ant cirdes. Let EB represent the position of the 
crank at the earliest point of cut-off of the expansion 
valve, and let JSQ be the position of the crank 
at which it is required that the corresponding 
ports in the steam-chest, and in the main valve, 
shall be open the given amount. Next, by Pro- 
blem X., we ascertain the length of the diameters 
of the resultant circles, and the amount of the 
lap (if any) of the expansion valve, so that the 
port in the main valve shall be first opened the 
required amount, and then dosed, and the steam cut 
off at the given positions of the crank respectively. 
Set off EF and EO to represent these diameters as 
just ascertained, and upon these describe the primary 
and secondary resultant circles GLE and EPF, 
and if the expansion valve is to have any lap, from 
the centre E, and with radius equal to this lap, as 
ascertained by Problem X., describe the lap-cirde 
VNB^ , passing through the point of intersection, JV, 

G 
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of the primary resultant circle GLE, and the centre 
line, EBy of the crank. 

Let EBy E89 and ET represent the several 
given positions of the crank, at which it is required 
that the expansion valve can be adjusted to cut 
off the steam. The line EB cuts the primary 
resultant circle in the points, and the lines E8 and 
ET will cut the secondary resultant circle in the 
points and P respectively. From the centre E, 
'and with distances E and JEJP respectively as radii, 
describe arcs cutting the line EB in the points 8^ 
and T^. Now, for reasons similar to those already 
explained with reference to plain valve gear (p. 16), 
when the centre line of the crank cuts the primartf 
resultant circle^E NG (Fig. 21), it demonstrates that 
the expansion valve is to the rigiM of its central posi- 
tion, relative to the main valve, but when it cuts the 
secondary resultant circle, EPF, then it demonstrates 
that the expansion valve is to the left of such central 
position, the amount it has travelled from that posi- 
tion in each case being represented by the length of 
the radius vector on such centre line of the crank, and 
when this centre line coincides with the diameter of 
either the primary or secondary resultant circle, it 
demonstrates that the expansion valve is correspond- 
ingly either to the extreme right or to the extreme 
left of its central position relative to the main valve, 
and, as shown in our diagram (Fig. 21), the crank, 
after passing the position EG^ moves towards EF,. 
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that is away from the position at which the expan- 
sion valve is to the extreme right of its relative 
travel, and towards that position at which the expan- 
sion valve will be to the extreme left of such travel ; 
hence, after the crank has passed the position E G, 
the expansion valve is moving from right to left rela- 
tive to the main valve, and it reaches its central posi- 
tion, relative to the same, when the crank arrives at 
the position EJ, at right angles to the diameters of 
the resultant circles, and in this position the centre 
line of the crank does not therefore cut either of the 
resultant circles^ Now, starting from the dead-point 
EB, we are first, as we have just shown, considering 
the motion of the expansion valve from right to left 
relative to the main valve ; hence, to effect the cutting 
off of the steam when the expansion valve is moving 
in this direction, we have to deal with that end of the 
valve, which is to the left, as shown at the upper 
part of our diagram, where the expansion valve is 
supposed to be in its central position on the back of 
the main valve as drawn at J^, with no lap either 
positive or negative, but at B^, with positive lap, and 
at 8,, and T^^ with negative lap. Now, taking the 
expansion valve with no lap as at J^, and supposing 
it is required that it shall close the port in the main 
valve, and cut off the steam when the centre line 
of the crank is at the position EB, at which it 
cuts the primary resultant circle in the point JV, 
showing that the valve is still to the right of its 

G 2 
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relatiYe central position an amount equal ioEN; 
and as we are supposing it to haYe no lap, it is 
quite evident that in thLp position it leaYOS the 
port in the main Yalve still open an amount 
equal to EK In order, therefore, to cause the 
port in the main Yalve to be just closed by the 
expansion Yalve at this position of the crank, we 
must extend the edge of the expansion YalYe to the 
left by an amount equal to EN, that is, we must 
give it a positiYO lap of this amount; and to do this 
conveniently, by our diagram, we draw a faU-riM 
section of that end of the main and expansion Yalves 
under consideration, and in such a position that the 
line CD produced just passes along the cut-off edge 
of the port and the left end of the expansion valYC, 
when it has no lap. Hence, when the cut-off is to 
take place before the expansion Ysbre reaches its 
relatiYe central position, we have to give it a positiYO 
lap equal to the amount it has yet to traYel before 
it reaches that position ; and to do this we haY6 only 
to set off the required amount of positive lap from 
E towards A, and erect a perpendicular at that dis- 
tance from the point E; this perpendicular will 
determine where the left edge of the expansion YalYe 
position relative to the main Yalve. Thus, when it 
is to come to when the Yalve itself is in its central 
is required that the expansion valve shall just close 
the port in the main valve when the crank reaches 
the position EB, intersecting the primary resultant 
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cfrcle, ELQydX the point N^ showing that a positiye 
lap equal \o ENiR required for the left end of the 
expansion valve, we have to set this distance off from 
E to jB^, and this is most conveniently done by taking 
the point £ as a centre, and with radios EN de- 
scribing an arc NB, (which in our diagram (Fig. 
21) will form a portion of the lap circle YNB^)^ 
intersecting ^1 j5 in the point R^J to the left of 
the centre E, because we are now considering 
the travel of the expansion valve from right to 
left, and positive lap is always set off in the 
direction towards which the valve is relatively travel- 
ling, it being understood that we are at the same 
time dealing with the edge of the valve which is 
towardd that direction. Now, supposing it is re- 
quired that the expansion valve shall not close the 
port in the main valve till the crank reaches the 
position E8^ in. this position its centre line cuts 
the Beoondary resultant circle in the point 0, demon- 
strating that the expansion valve is now to the left 
of its relative central position an amount equal to 
EO. Now, had this valve no lap, either positive or 
liegatiVe, it would have closed the port in the main 
valve whffli the crank reached the position EJ; there- 
fore, when thd crank reaches the position E8^ the 
expansion valve would be overlapping the port by an 
tolount equal to £ 0. Hence to cause the expan- 
sion valve to only just dose the port in the main 
valvOi when the crank reaches this position ES, we 
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must cause the edge of the expansion valve to recede 
an amount equal to EO, but without altering the 
position of the centre line of the valve, that is, we 
must give the expansion valve a negative lap equal 
to EO; and to set this out in our diagram we have 
• only to set off from E towards B an amount E8, 
equal to E 0, and at the point 8, to erect a perpen- 
dicular which will determine where the left edge of 
the expansion valve is to come to when the expan- 
sion valve itself is in its central position relative to 
the main valve. Now the most convenient naethod 
of setting oS E8, is, as we similarly explained just 
now, to take the point E as a, centre, and through 
the point to describe an arc cutting the line A B 
in the point 8^ to the right of the centre E. And 
we proceed in like manner for any other position of 
the crank at which it is required that the cut-off 
shall take place, bearing in mind always that when 
the crank is passing through that half of its reso- 
lution in which the expansion valve is travelling 
from right to left relative to the main valve — such, 
for instance, as when the crank is passing from E O 
round to EF — then we have to deal with the left end 
of the valve ; and when, under these circumstances, 
the centre line of the crank cuts the primary resultant 
circle, the arcs described through these points of in- 
tersection are made to intersect the line AB to the left 
of the centre E; but when the centre line of the crank 
intersects the secondary resultant circle, then the arcs 
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described through the points of intersection are made 
to intersect the line A Bio the right of the centre E, 
We determine the proportions of the other 
portions of the valves in the same manner as in 
Problem VII., except that we must take into con- 
sideration the extreme positions of the two halves 
of the expansion valve, which are constructed so as 
to be brought nearer together towards the centre 
when negative lap is required, and to be ettended in 
the opposite direction when positive lap is needed. 
This is brought about in a variety of ways, which 
it is beyond the scope of the present treatise to 
describe. 
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PROBLEM Xn. 

Of9en ihe throw and position of the main valoe eccentric 
$heave, (he lap of the expansion valve and the positions of 
the crank, viz. that in which the port in the main valve 
shall he open a certain fixed amount and any position in 
which it shall just he closed and the steam cut off. It is 
required to find the throw and position of the expansion 
valve eccentric sheave. 

Draw A By CD (Fig. 22) at right angles to each 
other and intersecting at the point E, and draw EF 
to represent the throw and position of the main yalve 
eccentric sheave. From the centre E and with a 
radius equal to the lap of the expansion yalve, 
whether positive or negative, describe the lap-circle 
KMN. Draw EOio represent any position of the 
crank when the steam is to be cut off and, if the lap 
be positive, from the point K^ w][iere this line E G 
intersects the lap-circle, draw K perpendicular to 
E G, but if the lap of the expansion valve be nega- 
tive, produce GE till it again cuts the lap-circle in 
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the point N, and from this point draw NB perpen- 
dicnlar to GN. We then in either case proceed to 
draw EH to represent the position of the crank when 
the port in the main yalye is to be open the given 
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amount, and from the point M, where it intersects 
the lap-circle, set off IT J, equal to this amount. 
From the point / draw IJ, perpendicular to EH 
and intersecting the perpendicular drawn either from 
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the point E or the point N in the point JiOt R. 
Join JE or HE, as the case may be, this line will 
then be the diameter of the primary resultant circle. 
From the point F draw F Q parallel to this dia- 
meter, and from the point Jot R draw a line parallel 
to EFaad intersecting the line FQ in the point L. 
Join EL, this will be the diameter of the primary 
expansion circle, and it will represent the throw and 
position of the expansion eccentric sheave, which was 
required to he fonnd. 

We haye completed the diagram (Fig. 22) for the 
case of the positive lap only, this is done in order to 
save a confusion of lines. 
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PROBLEM Xni. 

Owen the throw and position of the main valve eccentric 
sheavCj and the positions of the crank ; viz. that in which 
the port in the main valve shall he open a certain fixed 
amount, and any position in which it shall just he dosed 
and the steam cat off. It is required to find the throw 
and position of the expansion valve eccentric sheave. 

In this case the expansion valve is assumed to 
have no lap either positive or negative, we therefore 
proceed as follows. 

Draw AB, CD (Fig. 23) at right angles to each 
other, intersecting at the point Ey and draw EF 
to represent the throw and position of the main valve 
eccentric sheave, and upon this line as diameter 
describe the primary main valve circle. Draw E O 
to represent any position of the crank at which the 
steam is to be cut off from the cylinder ; and EH to 
represent its position when the port in the main 
valve is to be open the given amount From ^set off 
on EH, the amount EI, equal to the given amount. 
From the point / draw 10 perpendicular to EH. 
From the point F, and through the point K, where 
the primary main valve circle intersects the given 
line E O, draw the line FM; and from the point 
E draw the line EN parallel to FM, intersecting 
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the line JO in the point /. Then BJ will represent 
the diameter of the resultant circle. From the point 
J draw JP parallel to BF, intersecting the line 
i'^Jf in the point L. Join EL^ this will be the dia- 




meter of the primary expansion circle and will re^ 
present the relatiYe position and the throw of the 
expansion Yalve eccentric ftheaYe, which was required 
to be found* 
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PKOBLEM XIV. 

Given the throw and position of the main valve eccentric 
sheave, the throw of the expansion sheave, the lap of the 
expansion valve, and any position of the crank, at which the 
expansion valve shaU dose the pori in the main valve and 
cut off the steam. It is required to find the position of the 
expansion eccentric sheave. 

Draw A By CD (Fig. 24) at right angles to each 
other, intersecting at the point E. Draw EF io 
represent the throw and position of the main valve 
eccentric sheave. Produce FE to G, making JS 6 
equal io EF. Upon EF and EO as diameters 
describe circles: these will be the primary and 
secondary main valve circles. From the point F 
as centre, and with a radius equal to the lap of the 
expansion valve, whether positive or negative, describe 
the lap-circle ILK. From the centre E, and with 
a radius equal to the throw of the expansion eccen- 
tric sheave, describe the circle MCNP. Let E Q 
represent any position of the crank at which it is 
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required that the steam shall be cut off by the ex- 
pansion valve ; at right angles to EQ draw a line 
touching the circle IKL, and cutting the circle 
MCNP. Now, if the expansion valve has positive 




lap, this line will be drawn touching the lap-circle 
on that half of its circumference farthest from the 
centre of the figure, as at L 0, but if the lap of the 
expansion valve be negative, then the line will be 
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drawn touching the lap-circle on that half of the cir-< 
cumference which is towards the centre of the figure, 
as Sit JH. Next join EO ox EH, as the case may 
be, and this line EO or EHmU. be the diameter of 
the primary expansion circle, and will represent the 
position of the expansion eccentric sheave, which was 
required to be found. We also ascertain from this 
problem that when the expansion valve has positiye 
lap, the difference between the throws of the two 
eccentric sheaves should never be less than this lap, 
for were we wanting to cut off the steam for such a 
position of the crank as EB, we find that we cannot 
draw the line T8 ai right angles to EB bo as to 
touch the lap-circle, and to cut or even touch the 
circle MCNP at the same time; but if this line is 
drawn to touch the circle MCNP, it will cut the 
radius, FX, of the lap-circle in the point F, showing 
that either the lap of the expansion valve must be 
reduced, or the throw of its sheave increased by an 
amount equal to FX. If, again, we want to cut off 
the steam in such a position of the crank as J^i^, 
we should then find we should have to either reduce 
the lap of the expansion valve, so that it was exactly 
equal to the difference in the throws of the two eccen- 
tric sheaves, or we should have to increase the throw 
of the expansion eccentric sheave, so as to make the 
difference between the throws of the two sheaves 
exactly equal to the lap of the expansion valve. 
It will be seen from the foregoing that when the 
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expansion sheave is arranged so that its angular 
position can be altered with regard to the crank, 
this combination becomes a Variable Expansion Clear, 
and this may be done in several ways, and so as to 
be adjusted either by hand or by the governor. 
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EXPANSION GEARING WITH DOUBLE 

STEAM-CHESTS. 



■o> 



PEOBLEM XV. 

Given the relaUve positiona of the crank, cU which the exhauM 
is to he opened and closed respectively, the amount of lead, 
the amount the ports are to he opened for a certain position 
of the crank, and the position of the crank itself at which 
the steam is to he cut off. To find the positions and throws 
of the eccentric sheaves, and the laps of the valves. 

We have hitherto been treating of expansion gear- 
ing in which the cut-off yalve slides on the back of 
the main valve itseK, we have now to deal with an 
arrangement of expansion gear in which the steam- 
chests are divided into two chambers, in the outer one 
of which the cut-off valve works upon a face formed 
on the surface of the dividing plate. The disad- 
vantage of this arrangement is that the steam which 
is in the inner chamber when the cut-off takes place 
participates in the expansion that goes on in the 
cylinder until the main valve closes the cylinder 
port In designing a complete valve gear on this 

H 
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principle we have simply to treat the two valves quite 
separately, but for the sake of comparing the move- 
ments we find it convenient to unite the two diagrams 
in one, and, as in the previous cases, in which the 
expansion valve does the cutting off of the steam, we 
can place the main valve eccentric sheave in such a 
position as will cause the valve to open and close the 
exhaust port at given positions of the crank, thus 
causing the exhaust and compression to commence 
at those positions respectively. We now proceed by 
Problem VI. to find the position and throw of the 
main valve eccentric sheave and the laps of the 
main valves. This being done we next obtain 
similar particulars with regard to the cut-off or ex- 
pansion valves by the first part of Problem VII., in 
which we have shown that the sharpest cut-off is 
effected when the diameters of the expansion circles 
are at right angles to the given position of the crank 
at which the cut-off takes place, and the expansion 
circles in the present problem correspond to the 
resultant circles in the problem referred to. We now 
transfer the results thus obtained by Problems VI. and 
VII. to a single diagram (Fig. 25), where the circles 
D MK and K WF are the main valve circles obtained 
by Problem VI., «tnd the circles UMX and ah are the 
lap-circles of the same, and the circles K QJ and 
KXI are the expansion circles as obtained by Pro- 
blem VII. Then with centre K and radius KE vre 
describe the circle EH A, and draw YK and ZK 
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to represent the positions of the crank at which the 
exhaust is to be opened and closed respectively, and 
K B to represent the position of the crank at its 
dead-point B. Produce BK to A. Draw K G to 




represent the position of the crank at which the port 
is to be opened the given amount, and ^D to repre- 
sent its position when the expansion valve is to close 
the port in the partition, and cut the st,eam off from 
the inner chamber of the valve chest, and hence from 

H 2 
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the cylinder. Through the points a and 6, where the 
centre lines YKeaii ZE intersect the secondary 
main valve circle, describe the internal lap-circle. If 
we now examine this combined diagram (Pig. 25) 
we shall find that in the position KB oi the crank, 
the port in the partition is open an amount jST/S, while 
that in the cylinder is only just about to commence 
to open ; and when the crank reaches the dead-point 
K By and the piston is about to commence another 
stroke, the port in the cylinder is open an amount 
L Ny which is therefore the lead, and this was made 
equal to the required amount of lead by Problem VI. 
Taking next the position KC oi the crank at which 
it was required that the port in the partition and 
the port in the cylinder, should each be open the 
given amount, we find that OP represents the 
amount the cylinder port is open, and KQ the 
opening of the port in the partition, and these are 
equal to each other and to the given amount of 
opening as they have been made so by Problems 
VI. and VII. respectively. Next, when the crank 
reaches the given position KBy at right angles 
to IJy in which position of the crank the steam is to 
be cut ofi^, we find that the expansion valve has 
reached its central position, and, having no lap, it 
has just closed the port in the partition and cut off 
the steam from the inner chamber of the steam- 
chest; but the main valve does not close the port in 
the cylinder till the crank reaches the position K G; 
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SO that while the crank is travelling round from the 
position £"!) to KG, the steam contained in the inner 
chamber of the steam-chest participates in the ex- 
pansion which is going on in the cylinder, and this 
is not desirable. In the foregoing we have assumed 
that the main steam-chest is* in two separate parts, 
one at each end of the cylinder, so that the expansion 
valve, passing its central position, and reopening the 
port in the partition leading into the main steam- 
chest at one end of the cylinder, does not afifect the 
end where the cut-off has just taken place. In cases 
in which the main steam-chest is in one, having the 
expansion valve working upon a partition in the 
same, it becomes necessary to obtain the particulars 
for the expansion sheave and valve by a different 
form of construction (see p. 216), as we have to 
arrange the various parts so that the expansion 
valve, having closed the port in the partition at one 
end, shall not begin to open the port at the other 
until the main valve has also closed the cylinder 
port at the former end. We need not go further into 
the matter here, but any other particulars we may 
require can be obtained from the combined diagram. 
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LINK-MOTIONS. 

We have hitherto been treating of valve-gears, in 
which the valves have been driven direct from the 
eccentrics ; y^e will now proceed to consider combi- 
nations termed link-motions in which the movements 
of the eccentrics are first imparted to an intermediate 
portion of the mechanism termed the link. In link 
reversing gears there are two eccentrics ' to each 
valve, the one is set for the forward and the other for 
the "backward motion of the engine, and the two rods 
are attached one to each end of the link, which 
consists of a short bar, throughout the length of 
which is a slot or its equivalent, in which a slider, 
attached either directly or indirectly to the valve- 
spindle, is fitted ; the principle of the arrangement 
being that the slider can be made to occupy any 
position in the link either by moving the link itself, 
the slider remaining still, as in Stephenson's link- 
motion, or by moving the slider while the link 
remains still, as in Gooch's arrangement, or again by 
moving both link and slider, but in opposite directions, 
as in Allan's link-motion. However, it matters not 
by which arrangement the positions of the link and 
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slider, relative to each other, are altered, the result 
being practically the same, and vihaX we have to in- 
vestigate is.this : — Given the throws and positions of 
the eccentric sheaves, the lengths of the eccentric rods, 
and the length of the link (measured always from 
centre to centre of the pin-holes where the eccentric 
rods are attached), to find what motion will be trans- 
mitted to the valve for each position of the link 
relative to the slider; and although the result is 
influenced by other considerations, such as the mode 
of suspending or supporting the link and slider so as 
to maintain them in their relative positions, for 
the present we will assume that these are so arranged 
as practically not to affect it; there is, however, 
one other point we require to take into account, 
viz., whether the eccentric rods are to be "open" 
or "crossed;" that is, the crank being at its 
dead-point furthest from the link, are the eccentric 
rods to be open (Fig. 26), or are they to cross each 
other (Fig. 28) ? And with regard to the position 
of the slider in the link, we would here explain that 
when it occupies a position at either extreme end of 
the link, so that its centre becomes concentric with 
that of the eccentric rod end, and the valve-spindle 
is moved by the eccentric rod as if no link were 
intervening, then the link is said to be in full forward 
or backward ffear, as the case may be ; and when it 
occupies a position midway between the extreme 
positions, the link is said to be in middle gear ; but 
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when it occupies any other pogdtion in the link, then 
the link is said to be in intermediate gear. Some 
links, however, do not admit of the slider being 
brought into a position that places the eccentric rod 
virtually into direct gear with the valve-spindle, and 
in these full forward or backward gear is understood 
to mean the nearest approach to that position which 
the particular form of link will admit of. We will 
now proceed to investigate the various forms of link- 
motion in general use ; and in doing so it must still 
be remembered that when we speak of the position of 
the crank we invariably mean its assumed position, 
unless in any particular case we state that it is to its 
real position that we are referring. The assumed 
position of the crank, as we have already explained 
(p. 10), is at the same angular distance from the one 
dead-point that its real position is from the other, 
but is set off in the opposite direction to that in 
which the real crank revolves. 
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STEPHENSON'S LINK-MOTION. 

This form of link-motion is the one which is most 
commonly met with in practice. It consists of 
the arrangement to which we have alluded, in which 
the link is moved relative to the slider, while the 
slider itself has only a motion backwards and 
forwards in the direction of the valve-spindle. The 
link is curved to a radius equal to the length of one 
of the eccentric rods, and has its concave side 
towards the eccentric shaft; this length of the 
eccentric rods is, of course, measured from the centre 
of the strap that embraces the sheave to the centre 
of the pinhole where the rod is attached to the link. 
We will first consider a case with open rods. 

In the vertical line A B (Fig. 26), representing 
the direction of the valve-spindle, take a point C to 
represent the centre of the crank-shaft, and draw CD 
and CE to represent the throws and positions of the 
eccentric sheaves relative to the position CB oi the 
crank, from the point C7 as a centre, and with radius 
CB ot CE describe the circle BEB. From the 
points B and E respectively as centres, and with a 
radios equal to the length of the eccentric rods 
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(measured as just now explained), describe the arcs 
FO and ff intersecting at the point 0. From this 
point as centre, and with a radius equal to half the 
length of the link, describe the arcs at F and H, and 
draw the lines JL and NO each parallel to AB, 
touching these arcs, and intersecting the arcs GF 
and GH in the points F and E respectively. From 
F and H as centres, and with a radius equal to the 
length of the eccentric rods, describe arcs intersecting 
in the point J, and from this point as a centre, and 
with the same radius as before, describe the arc of 
the link FAH. Join FD and HE, then these 
lines will represent the eccentric rods. Upon the 
lines JL and NO set off the length of the travel of 
the points jP and H respectively, as the travel of 
both these points for the position of the link given 
in the figure will be greater than merely twice the 
throw of the eccentric sheaves, but if the link be 
moved so that the valve is in full gear either way, 
then the point F oi E falling in the straight line 
A jB, the travel of that point will be exactly equal 
to twice the throw of the eccentric sheave CD or 
CE, but at the same time the other point will be 
further still from the centre line AB, and will 
travel through a distance still greater than it did 
when the link was in middle gear; to set off, there- 
fore, upon JL and NO, the travel of the points in 
question, we proceed as follows; in the line JL 
find such a point /, as centre, that an arc described 
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from it with a radius equal to the length of the 
eccentric rods will touch the circle DEB at any 
point K, on the side nearest to the link ; and in the 
same line JL find another point L as centre, so that 
an arc described from it with the same radius as 
before will touch the circle DEB at any point M 
on the side furthest from the link, then the distance 
JL will represent very approximately the travel of 
the point jP in a direction parallel to AB^ in the 
same manner the travel of either end of the link 
may be found, whatever position the link itself may 
occupy relative to the slider; and we should so 
proceed to find the travel of the other end H, but as 
the link in the present case is set in middle gear 
and both eccentrics have the same throw, the end H 
will have the same travel as the end F, and we have, 
therefore, merely to set off this travel upon NO in a 
similar manner to that in which it is set off on JL. 
There is a simpler way of setting off the travel of the 
ends of the link. Take the point /, for instance, which 
was fixed upon as being such a point that an arc 
described from it as centre, and with a radius equal 
to the length of the eccentric rods, would just, touch 
the circle DEB at the point K; the distance JK, 
therefore, is equal to the length of the eccentric 
rods, and the distance KG is a radius of the circle 
DEB, the whole distance JC is, therefore, the 
length of one of the eccentric rods plus the radius of 
the circle DEB. In the same manner we can 
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show that the whole distance, L C, is equal to the 
length of one of the eccentric rods minus the radius 
of the circle DEB ; we can therefore set these dis- 
tances off direct from the centre G. From this 
centre set off, on the line GA, the distance GP 
equal to the length of one of the eccentric rods ; 
then from the point (7 as a centre, and with a radius 
equal to BP, describe arcs cutting JL and JVO in 
the points / and JV respectively, and from the same 
centre, and with a radius equal to Q P, describe arcs 
cutting JL and NO in the points L and respectively; 
then the distance JL will represent, as before, the 
travel of the end F of the link, and the distance NO 
will represent the travel of the end JT, both eccentric 
sheaves being of the same throw, equal to the 
diameter of the circle DEB. Bisect JL and NO 
in the points jB and 8 respectively. Join B G and 
8 Gi these lines will, in practice, pass almost exactly 
through the dead-points of the eccentric sheaves. 
Join FG. From the point F as centre, and with 
a radius, FD, equal to the length of the eccentric 
rods, describe from the point D the arc D F, 
cutting FG in the point F. Produce J)(7 to T, 
'and from the point T as centre, and with a radius, 
as before, equal to the length of one of the 
eccentric rods, describe an arc cutting JL in the 
point J7. Join UG, producing it till it again 
meets the circumference of the circle DEB, and 
from the point Z7 as a centre, and with a radius 
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also equal to the length of one of the eccentric rods, 
describe from the point T the arc TW; then if we 
assume that the point F has just been travel- 
ling in the direction CF, the distance G V will 
represent the amount that that point has already- 
travelled from its central position on the line FC, 
when it occupies the position at F. Similarly 
assuming that the point U travels in the direc- 
tion TJ Wy then C W will represent the distance 
the point TJ has already travelled from its central 
position in the direction UG, when it occupies the 
position at TJ. Now the length of the arc T TK is 
less than that of the arc B F, because the angle 
TGWis less than the angle D (7 F, by an amount 
equal to the angle TJGF ; therefore the versed sine 
of the arc T TF is less than the versed sine of the 
arc D F Now we have already shown that the line 
B C almost exactly passes through the dead-points 
of the eccentric sheaves ; if, therefore, we take this 
line as a mean, and produce it till it meets the cir- 
cumference of the circle DEB in the point r, and 
continue the arc T W till it meets it in the point i, 
then the arc Th will be equal to the arc measured 
froni the point D to the point ^, where the arc D F* 
intersects this centre line B r, and the versed sines 
of these arcs will be equal ; therefore the length of 
that portion of the line, lying between the centre G 
and the point ^, will be less than that portion lying 
between C and the point h by an amount equal to 
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twice the versed sine of either arc, because the arc 
Bg curves inwards towards the centre C, and the 
arc Th curves outwards from this centre. Adding, 
therefore, to the former an amount equal to this 
versed sine, and subtracting the same amount from 
the latter, makes these portions equal without affect- 
ing their sum, and this is brought about by simply 
dropping perpendiculars from the points B and T 
respectively on to the line Br ; but the lengths of 
those portions of the line BtTy measured from the 
centre C to where it is met by the perpendiculars 
being equal, it becomes unnecessary for us to deal 
with both of them; therefore, in the present case 
we shall only draw the perpendicular from the point 
D, meeting the line Ur in the point e. We will 
now consider how the motion of the eccentric, taken 
along the line (7J2, affects the movement of the link 
in the direction /i, parallel to the direction of motion 
of the valve-spindle. From the point ^ as a centre, 
and with a radius equal to the length of one of the 
eccentric rods, describe the arc aF ; this will meet 
the line JL in the point F, and from the point h as 
centre, and with the same radius as before, describe 
the arc h U, meeting the line JL in the point U. 
Now Ba will be equal to Og, and Bhto Ch, but we 
have already substituted the perpendiculars drawn 
from the points B and Ton to the centre line CB 
in the place of the arcs, and we have shown that 
these perpendiculars cut off from Er an equal 
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amonnt on each side of the point C, so that Ce repre- 
sents either amonnt ; we have only, therefore, to set 
off on the line, CB^ produced, these equal distances 
on each side of the point 12, and to erect at the point 
so fonnd perpendiculars cutting the line JL; but as 
the results on each side of the point B will be the 
same we need only set off one of these. From the 
point jB, therefore, set off JBm equal to (7e, and at 
the point m erect a perpendicular cutting the line 
JL in the point n; then the line Bn represents the 
amount the end F of the link is beyond its mean 
central position for the position GD oi the eccentric 
sheave. But to avoid all this extra trouble it is 
only necessary to continue the perpendicular De till 
it cutd the line AB in the point Z, then CX will 
be equal to 12 n, as can be readily proved. From 
the point X draw X T perpendicular fo AB, and 
meeting an are described from the centre G with a 
radius equal to 12 J or BLin the point Y, Join T G. 
Then Y G will represent the throw and position of 
an imaginary eccentric sheave, which if placed with 
its centre of revolution directly under the point F 
would cause that point to move almost exactly as it 
does now move under the action of the eccentric 
sheave (7D, with its rod working in the mean oblique 
direction G B. We next proceed to find the imaginary 
eccentric sheave CZ^ which if placed with its centre 
of revolution directly under the point H would cause 
^hat point to move almost exactly as it does now move 
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"under the action of the eccentric sheave CE, with its 
rod working in the mean oblique direction 08. Join 
YZy and divide this line in the same proportion as 
the line A B divides the chord, FH, of the link. In 
the present case it divides it equally ; therefore the 
point Xy in the line Y Z, corresponds to the point t 
m the ehord of the link, and to the point A in 
the are of the same, and this point A will travel in 
the line AB almost exactly as if it were driven 
by an eccentric, the throw and position of which is 
represented by the line CX; and we can ascertain 
the motion of any point in the arc of the link for this 
position of the link itself by simply finding the point 
in the line YZ, which divides that line in the same 
proportion as a line drawn parallel to the centre 
line of the valve-spindle through the given point in 
the arc of the link divides the chord FH, but it is 
sufficiently accurate for all practical purposes, and 
with links of ordinary curvature, to divide the line 
YZ in the same proportion as the given point 
divides the are of the link ; but as the two virtual 
eccentric arms, G Zand C Z^ and the line, YZ, join- 
ing them only refer to the middle position of the 
link, they having been obtained from that position, 
we can only use the line Y^to obtain the movements 
of points in the link while the link is in mid-gear ; 
and if with the link in any other position we want 
to find the motion of any point in the same other 
than the actual point in gear with the valve-spindle, 

I 
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and for which we shall presently explain a short 
method, we must obtain the virtual eccentric arms 
C Zand CZ and the line YZior that special position 
of the link. In dividing the line YZ in the same< 
proportion as the chord FH or the arc of the link 
is divided, we must take the proportion in each case 
from that end of the link and of the line YZ which 
are contiguous to the same eccentric rod ; thus, with 
" open rods " the end Y corresponds with the end F, 
and the end Z with the end H; but with " crossed 
rods" the end F would correspond with the end JJ, 
and Z with F. We have obtained the point Y in 
the arc drawn from the centre C by drawing a 
perpendicular X Y from the point X, where the 
centre AB 18 intersected by the line DX; but there 
is a much simpler way of finding the point Y, foir 
the angle D (7 Y is always equal to the angle BOX; 
and similarly, with regard to the point Z, the angle 
EC Z 18 always equal to the angle SCX, which we 
will proceed to prove, but as the same reasoning 
applies in both cases we need only deal with one of 
them. We will now, therefore, take the case of the 
point Y. From the point B set oSBp equal to <7D, 
the throw of the sheave, and at the point p erect a 
perpendicular which will meet the line J L in the 
point J, or at least so very nearly so that we may 
assume that it does actually meet it in that point, 
and draw it accordingly. Then in the triangle B Jp 
the straight line m n has been drawn, so that it is 
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parallel to the side Jp, both being perpendicular to 
Bp, therefore the triangle BJpis equiangular to 
the triangle Enm; and as the side Ep is to the 
side JE, so is the side i2m to the side En (Euclid, 
VI. 4), and in the triangles D (7 6, YCX, the side 
DC is equal to Bp, and C Yto EJ, and the side 
Ce is equal to the side Em, and CXto En. There- 
fore, as D (7 is to (7 Y so ia Ceto CX, and the angle 
DeC is equal to the angle YXO, both having been 
made right angles ; therefore the triangle DeC is 
equiangular to the triangle YXC (Euclid, VI. 7), 
and the angle DCeia equal to the angle YCX: from 
these equal angles take away the common part YGe, 
and the remainder DGY ia equal to the remainder 
EGX. 

We wiU next take a ease in which the link has been shifted 
into an intermediate position, such as FG (Fig, 27), 
where the valve-spindle, AQ, is driven by the point A in 
the link ; we require to know what motion the valve-spindle 
receives. 

Let GB and GE, as before, represent the throws of 
the eccentric sheaves and their positions relative to 
the position GB of the crank, and let FQ represent 
the link and its position relative to the centre line, 
A Q, of the valve- spindle, and let GF and GO re- 
present the lengths of the eccentric rods. Through 
the points F and respectively draw the lines of 
travel, HI and JK, parallel to the centre line, A Q, of 
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the valve-spindle. From the centre G, and with B A 
as radius, describe arcs intersecting these lines in 




Fvff 27, 



Stephenson's link-motion. 117 

the points H and / respectively ; similarly from the 
same centre, and with X J. as radias, describe arcs 
intersecting the same lines in the points I and K. 
Then the distance HI will represent the travel of 
the point Fy and the distance JK will represent 
the travel of the point G, and the points F and G 
respectively almost exactly bisect those distances. 
Draw CM equal to FH or Fly making the 
angle MCD equal to the angle FGA, and draw 
CN equal to OJ or GK, making the angle NCE 
equal to the angle GGA. Join MNy and divide it 
at the point Oy in the same proportion as ^Q, 
the centre line of the valve-spindle, divides the arc 
FAG; so that MO is to QNo&FAioA G. Join 
C 0. Then C will represent the throw and position 
of an imaginary eccentric sheave, which, if connected 
direct to the point 4, would cause that point to move 
almost exactly as it does under the combined action 
of the real eccentric sheaves CD and OJB, working 
in the oblique directions F and G. And the 
motion of any other point in the link, while it is in 
the position F G, may be obtained by simply dividing 
the line MN in the same proportion as the given 
point divides the arc of the lin,k; and by finding 
the throws of the two imaginary eccentric sheaves^ 
CM and CNy for any other position of the link, the 
motion of any point in the same for that position 
may be ascertained in a similar manner, but as the 
point in the link of which we more particularly 
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require to know the motion is that point in gear 
with the valye-spindley we can avoid the labour of 
going through all the foregoing construction, for the 
ends of the throws of the imaginary eccentric sheaves 
corresponding to the various points of the link 
brought into gear with the valve-spindle, are found 
to fall in a curve which is really a portion of a para- 
bola, but is sufficiently accurately represented by 
the arc DOE of sl circle passing through the ends 
of the throws of the real eccentric sheaves and the 
end of the throw of the imaginary sheave, which 
refers to the motion of the centre of the link, when 
the link itself is in mid-gear. This method will be 
fully explained in Problem XVI. 

We will now proceed to consider the same form 
of link-motion, but with "crossed rods." In the 
straight line AB (Fig. 28) take any point C to 
represent the centre of the crank-shaft carrying the 
eccentric sheaves, and let CBhe the position of the 
crank. Draw CD and CE to represent the throws 
of the eccentric sheaves and their position relative to 
the centre-line, GB, of the crank. From the point C 
as centre, and with a radius equal to CD or GE, de- 
scribe the circle DEB, From the point D as centre, 
and with a radius equal to the length of one of the 
eccentric rods, describe the arc GH, and from the 
point E as centre, and with the same radius, describe 
the arc FO intersecting the arc GE in the point G. 
From this point as a centre, and with a radius equal 
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to half the length of the link, describe the arcs at I 
and /, and draw the straight lines IM and JN 

A 
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parallel to A By touching the arcs drawn from the 
centre G, and cutting the arcs FO and (7 JET in the 
points F and H respectively. Join FH. From the 
points F and H as centres, and with a radius equal 
to the length of the eccentric rods, describe arcs 
intersecting at K, and from this point as centre, and 
with the same radius, describe the arc, FLH, of the 
link. From the centre C set off upon IM and JN 
respectively the points J, M, J and N representing 
the extent of the travel of the ends F and H of 
the link, in the manner already described. And 
similarly, from the same centre, and witl^ a radius 
equal to the length of the eccentric rods, describe 
the arcs at and P, bisecting the lines IM and 
JN in these points respectively. Join CO and 
OP, then draw the eccentric rods FE and Djff, 
which will be seen to cross each other at the 
point F, while the crank is in the position OP, 
hence the combination is termed a link-motion 
with "crossed rods." Draw CQ equal to PJ or 
PJV, making the angle DCQ equal to the 
angle PC A, and draw CB equal to 01 or OM^ 
making the angle ECB equal to the angle OCA ; 
the reason for these angles being made equal 
has been already fully explained (page 114). Join 
QBy and divide it in the same proportion as the 
centre line, A By of the valve-spindle divides FLH^ 
the arc of the link ; in the present case, this arc is 
divided by ^1 P into two equal parts, therefore we 
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divide QB in the same manner in the point S, then 
the line C8 will represent the throw and position of 
the single virtual eccentric arm which would drive the 
centre point, Xr, of the link almost exactly in the same 
manner as it is really driven by the combined 
action of the eccentric sheaves GB and CJE?, with 
the link occupying its middle ponition with regard 
to the valve-spindle ; and we can, as before, ascertain 
the motion of any other point in the link, for this 
position of the link itself by simply finding the point 
in the line QB that divides it in the same pro- 
portion as the given point divides the arc of 
the link, but as the point in the link of which we 
more particularly require to know the motion is that 
in gear with the valve-spindle, we can in this 
ease, as well as in the previous one with open rods, 
avoid the labour of going through the full con- 
struction for every position of the link, as it is found 
that the ends of aU the single virtual eccentric arms 
are contained in a curve which, as before, almost 
exactly coincides with an arc of a circle B SE, passing 
through the ends of the arms of the real eccentric 
sheaves and the end of the throw of the imaginary or 
single virtual eccentric sheave, which refers to the 
motion of the centre of the link, when the link itself 
is in mid-gear. Through these points D, 8 and E 
describe this arc, and the motion of any point Tin the 
arc of the link will be ascertained by finding a point 
U in the curve BSE which will divide it in the same 
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proportion as the arc of the link is divided by the 
point T, the proportion being taken in each case 
from that end of the link and that end of the arc 
D 8 Ef which are contiguous to the same eccentric 
rod. 

In the foregoing we have intimated from time to 
time that the construction indicated does not in 
every detail yield results so dbaoltUely accurate as to 
be capable of direct mathematical proof, but never- 
theless the construction doe8 give results so very nearly 
approaching to absolute accuracy, that the deviation 
therefrom cannot be appreciated in practice, and it 
must be borne in mind that in our diagram any such 
deviations are much exaggerated, for in order to make 
the rest of the figure of sufficiently large dimensions 
and yet to get the whole within the compass of a page, 
we have been obliged to draw the eccentric rods very 
much shorter in proportion than is usual in practice, 
hence there appears to be so great a distance between 
the points X and J (Fig. 26) and the points F and n : 
for were the eccentric rods of indefinite length, these 
points respectively would actually coincide, but even 
were the rods drawn of a length bearing a fair pro- 
portion to the length of the link and the travel of 
the valve, then these points would to all intents 
and purposes coincide, and the distance of the 
poiqt F from its reaJ centre of travel would prac- 
tically be the same as its distance from its mean 
centre. 
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The throws of the two imaginary eccentric sheaves 
which refer to the extreme ends of the link are termed 
the virtual forward and laekward eccentric arms, and 
the throw of the imaginary eccentric sheave which 
refers to the motion of an intermediate point in the 
link, is termed the single virtual ecceniric arm ; and it 
will be noticed that the curve containing the ends of 
all the single virtual eccentric arms is always convex 
towards the link where " open rods " are used, and 
concave towards the link when " crossed rods " are 
applied ; hence, as will be seen from the following 
problems, when open rod combinations are used, the 
lead of the valve increases as the link is brought 
nearer to mid-gear with the valve-spindle, but with 
crossed rod combinations the lead diminishes as the 
link is brought nearer to mid-gear, and in both cases 
the shorter the rods are in proportion to the length 
of the link the greater is the alteration in the amount 
of lead, so that where it is desired that the lead shall 
undergo the least possible change in using different 
positions of the link, it is necessary to use the longest 
rods that circumstances will admit of, and as 
short a hnk as the travel of the valve will allow. 
With regard to the method of shifting the link, this 
is effected by means of a short rod I A (Fig. 26), one 
end of which is attached to the link itself at the point 
Ay bisecting the arc, which in practice is struck 
through the middle of the slot; sometimes, how- 
ever, another point is taken ; in any case the other 
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eni of this rod is attached to a leyer or slidiog-piece 
at a point opposite to the central position of the point 
of attachment to the link, and the motion of this 
point must be at right angles, or approximately at 
right angles, to the direction of motion of the yalye- 
spindle. 
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PROBLEM XVL 

Given the throws of the forward and backward eccentric 
sheaves, and their positions reUdive to the centre line of the 
crank, also the length of the link and of the eccentric rods. 
It is required to know what motion the valve-spindle toiU 
receive from any given point in the link, if the link itself is 
shifted so as to bring thai point into gear mth the valve-- 
spindle. 

Let the straight line A B (Figs. 29 and 30) repre- 
sent the length of the link, and we will suppose the 
link to be in middle gear. From the points A and 
B respectively as centres, and with a radius equal to 
the length of the eccentric rods, describe arcs inter- 
secting at G, and from the point G as centre, and 
with the same radius, describe the arc of the link 
A KB. Bisect the chord -4 -B in the point F. Through 
the points J' and (7 draw the centre line FCL, and 
from the point G set off (72) and GE to represent the 
throws of the eccentric sheayes and their positions 
relative to the real position, CL, of the crank, and 
from the point G as centre, with radius GD or GE. 
describe the circle DEL. Upon D (7 as a diameter 
describe the valve-circle DOG, and join A C, cutting 
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this valve-circle in tlie point O. Through the 
points D and O, draw a straight line, cutting the 
centre line FG in the point H. Through the 
three points 2), H and E describe an arc of a 
circle ; then, if we require to know how the valve- 
spijidle would be moved by any point in the link 
which we might bring into gear with it by shift- 
ing the link, we have only to find that point in the 
are, D HE, which divider it in the same proportion 
as the given point divides the arc of the link, the 
proportion being reckoned in each case from the 
ends of the link and of the arc D HE, which are con- 
tiguous to the same eccentric rod. Thus we have 
only to divide the arc D HE in the point /, so that 
DJ is to JE as il J is to IB, and to join CJy then 
GJ will represent the throw and position of the 
single virtual eccentric sheave, which, if connected 
direct to the point K, would move it almost exactly 
as the point I in the link would cause it to move if 
the link were shifted into that position. 
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PROBLEM XVII. 

Hie length of (he UtJc and of the eccentrie rods being hnoum, 
and the link being in fuU ba>ckward or forward gear^ and 
the lead, the point of cut-off, and either the amount the 
port is to be open for a given position of the crank, or the 
utmost amount thcU it is to be open for any position what- 
ever of the same t>eing given, it is required to find the 
throw and position <>f the forward and backward eccentric 
sheaves, and the lap of the valve: also given the various 
positions of the crank ai which the cut-off of the steam 
shall take place, it is required to find (hose positions of the 
link which w%U effect the same. 

This problem is more especially applicable where 
such a form of link is used as will allow of the 
eccentric rod being thrown into absolutely full 
gear with the yalve-spindle. Let the straight 
line AB (Figs. 31 and 32) represent the length 
of the link. From the points A and B respec- 
tively as centres, and with a radius equal to the 
length of one of the eccentric rods, describe ares 
intersecting at C, with this point as centre, and with 
the same radius describe the arc of the link ABB ; 
bisect AB m Ei and through the points E and (7 

K 
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draw the centre line DEC. 
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♦Then by either 
Problem III. or 
Problem IV., as 
the case may be, 
find the throw of 
the eccentric 
sheayes, and their 
position relative to 
the real position of 
the crank, also the 
lap of the valve : 
having done this, 
transfer the results 
to the link diagrams 
(Figs. 31 and 32), 
drawing GF and 
C O to represent 
these throws of the 
sheaves and their 
position relative to 
the real position, 
CZ, of the crank, 
and from the centre 
C describe the lap- 
circle VPN, and 
from the same 
centre, and with 
a radius equal to 
CF or CO, de- 
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scribe the circle KFO, and draw JCto represent 
the direction of the 
crank at which the ^ 

steam is cut off when 
the link is working 
in full gear, and draw 
KCy LC, and MC 
to represent the va- 
rious positions of the 
crank at which it is 
required that the 
steam may be cut off 
by moving the link. 
We have now to find 
those positions of the 
link which will effect 
the same. Join A 0, 
and upon FC eis & 
diameter describe the 
valve - circle FRO 
cutting ^ C7 in the 
point H. Through 
F and H draw a 
straight line, cutting 
the centre line D Z in 
the point J. Through 
the points F, I, and 
O describe the arc 
of a circle. At the 
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points Oy Py and Q, at which the lap-circle cuts 
the lines KG, L G, and M G respectively, erect 
perpendiculars cutting the arc FIG in the points 
jB, 8, and I respectively ; then divide the arc ABB 
of the link in the same proportion as the points 
jB, iS, and I divide the arc FIG, and let the point 
T correspond to the point jB, and the point U to the 
point 8y and the point J, which bisects the arc 
FIG, will correspond to the point D, bisecting the 
arc of the link. Join CB and C8, for the points 
I and G are already joine^i by a portion of the centre 
line BZ. Then the lines GB,C8, and GI will re- 
present the single virtual eccentric arms referring to 
the points T, TJ, and B of the link respectively, that is, 
if the link be moved so that any one of these points be 
brought into gear with the valve-spindle, then the 
valve-spindle will be moved by any such point almost 
exactly as though it were driven direct by an eccentric 
whose throw and position is represented by this iine^ 
"Upon CB, G8y and GI respectively as diameters, de- 
scribe the valve-circles G0B,GP8, and C Q I; these 
will pass through the points 0, P, and Q respectively, 
where the lines KG, LG, and MG intersect the lap- 
circle VQN ; hence the steam will be cut off from 
the cylinder when the crank reaches that position in 
which its centre line passes through the point of 
intersection of the lap-circle and that valve-circle 
which corresponds to the position in which the link 
then is. The next point we have to consider is the 
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amount of lead the valve has for each of the various 
positions of the link. Taking first the link in full 
gear so that the point A in the link becomes con- 
centric with the centre of the end of the eccentric 
rod, and the valve-spindle is driven by the real 
eccentric arm CFy as though its eccentric rod were 
connected direct on to it without any link inter- 
vening, the valve will have a lead equal to VW, 
which is equal to the given lead; for, by Problem 
III. or IV., we made GF the throw and position of 
the eccentric sheave which would give the lead, the 
opening of the port, and the point of cut-off re- 
quired. We next take the point T in the link, and 
find upon referring to the corresponding valve- 
circle, that the valve will have a lead equal to VX 
when the link is shifted, so as to bring this point 
into gear with the valve-spindle ; and, similarly, V Y 
will be the lead when the point U is brought into 
gear. When we come to the centre of the link we 
find that if the link is placed in mid-gear, as shown 
in the diagram (Figs. 31 and 32), the valve will 
have a lead equal to VJ, but in this position of the 
link the valve only opens the amount VI altogether, 
and it travels altogether from its central position an 
amount equal to CI; hence, when the link is in 
mid-gear, the travel of the valve is equal to the lap 
plus the lead, and the amount the poii; opens is only 
equal to the lead. From the foregoing it will be seen 
that, as we have already stated, when open rods 
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are used, the lead of the valve increetses as the link 
is brought nearer to middle geai*, but with crossed- 
rods the reverse is the ease. In practice, however, 
this increase is very considerably less than that indi- 
cated by our diagram: for we have, as previously 
stated, been compelled to make our eccentric rods so 
short as to be altogether out of proportion to the 
length of the link, in order to get the figure within 
the size of the page. 
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PEOBLEM XVIII. 

The length o/the link and of the eceentrie rods being hnoum, 
and the link being in sfoch a jposition thai a given inter- 
mediate point in the same drives the valve-spindle; also 
the lead, the point of cut-off, and either the amount the 
port is to be opened aJt a certain position of the crank, or 
ihe utmost amount it is to be opened by this point in the 
link for any position whatever of the crank being given ; it 
is required to find the throw and position of the forvoard 
and backward eccentric sheaves and the lap of ihe voUve, 
Also given the various positions of the crank at which the 
caJlroffofthe steam shall take place, it is required to find 
ihose points in the link which wiU effect the same. 

This problem is especially applicable in cases 
where a form of link is used which will not admit 
of the eccentric being thrown into absolutely full 
gear with the yalve-spindle ; for instance, if we take 
that form of link in which the eccentric rods are 
attached to each end of the link beyond the ends of 
the slot, in such c£ises the theoretical link is measured 
from pinhole to pinhole, where the eccentric rods are 
fastened on, and each extreme position of the slider 
becomes only an intermediate position in our link 
diagram. 
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Let the straight line A B (Figs. 33 and 34) repre- 
sent the length of 
the link measured 
B^ from centre to 
centre of the pin- 
holes where the 
eccentric rods are 
attached, and it 
matters not 
whether the link 
can be shifted so 
far as to bring 
these points into 
gear with the 
valve-spindle, or 
whetherthe points 
O and Z are the 
extreme points 
that can be so 
used, as in either 
case it is these 
particular points^ 
O and Z^ with 
which we have to 
deal, and we have 
to cause either of 
them to move the 
valve in accord* 
ance with the 
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given requirements, when they are brought into 
direct gear with the 
valve-spindle* From r 

the points A and JB 
as centres, and with 
a radius equal to the 
length of the eccen- 
tric rods, describe 
arcs intersecting at 
Cj and these rods 
are taken here very 
much shorter in 
proportion than 
they would be in 
practice, in order to 
get the diagram 
within the page* 
From this point G 
as a centre^ and 
with the same ra- 
dius, describe the 
arc, ADB, of the 
link. Bisect A B 
in M, and through 
this and the point 
C draw the centre 
lineDjR ♦ByPro- 
blem in. or Pro- 
blem IV., as the 
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case may be, find the throw of an eccentric sheave 
and its position relative to the real position, CF^ of 
the crank, which, if connected by an eccentric rod 
direct on to the valve-spindle, would produce the 
required results. These results are taken differently, 
though under the same lettering, in the two diagrams 
(Figs. 33 and 34), one referring to open and the other 
to crossed rods. However, having obtained these parti- 
culars, we transfer them to our two link diagrams 
respectively, drawing CH to represent the throw and 
position of this eccentric sheave, and describing the 
lap-circle about the centre C, Let G be the point in 
the link which is to produce the required motion of 
the valve. Join OC. "Upon HG asa, diameter de- 
scribe the valve-circle HLG, cutting GG ia the 
point J. Through H and I draw a line cutting the 
centre line, GD, in the point J. With its centre 
somewhere in the line D Fy describe an arc of a circle 
passing through the points H and J*, and set off HM 
to bear the same proportion to HJ aa GA does to 
GD. Join GM. From the point (7 as centre, and with 
radius GM, describe a circle. Draw the radius GN^ 
making the angle cT" (7 iV equal to the angle JGM. 
Then GM and (7iV"will represent the throws and 
positions of the real eccentric sheaves, whose rods 
being attached to the points A and B, the extreme 
ends of the link, the link itself being placed in such 
a position that the point G drives the valve-spindle, 
will cause the valve to be moved almost exactly as it 
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woiild be if driven direct by an eccentric whose throw 
and position are represented by GH. Upon MG aB 
diameter describe the valve-circle MOG. If we now 
examine the diagram, we find that K represents 
the lead of the valve when the point A, at the extreme 
end of the link, is brought into direct gear with the 
valve-spindle, and G a represents the position of the 
crank when the steam is cut off. And further, when 
the point Q in the link drives the valve-spindle, then 
the valve has a lead, KL, equal to the given amount 
of lead, and cuts off the steam when the crank 
reaches the position Gh, representing the given 
position at which the cut-off was to take place, 
because we made GH io represent the throw and 
position of an eccentric sheave, which would effect a 
distribution of the steam in accordance with the given 
particulars. We will now assume that it is required 
to find a point in the link which, if brought into gear 
with the valve-spindle, would cause the cut-off to take 
place when the crank reaches any position, such as 
Gd, At the point n, where Gd cuts the lap-circle, 
erect a perpendicular cutting the arc MJN in the 
point e. Join Ge, and divide the arc of the link in 
the same proportion as the point e divides the aro 
MJNf the proportion being taken in each case from 
the ends of the link, and of the arc BSE, which are 
contiguous to the same eccentric rod. Let h repre- 
sent this point in the Unk. In a similar manner any 
other point in the link may be found which, if brought 
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into gear with the valvenapindle, will cause the cut-oflf 
to take place at given positions of the crank, but no 
earlier cut-off can be effected than that produced by. 
the central position of the link, that is by the link in 
mid-gear. We have already pointed out that, when 
the point A in the liuk drives the valve-spindle, the 
valve has a lead equal tojBTO, because the valve- 
spindle is then driven by the eccentric in full gear, 
and therefore the real eccentric arm becomes the 
single virtual eccentric arm for that position of the 
link. Now, supposing it is required that when 
the link is in full gear, so that the end where the 
eccentric rod is attached drives the valve-spindle, 
the valve should have a greater or less lead than 
K 0, we proceed as follows : — Set off from the point K 
the required lead on the centre line, and let jETP or 
K U represent this lead, which distances we have 
taken, the one greater and the other less than K 0. 
Through the points P ox U draw a straight line at 
right angles to the centre line D jP, cutting the arc, 
MJN, produced in the points Q, iJ, V and W. Join 
these several points with the centre G. Then if a lead 
equal to JT 17 is required, the points V a^d W will 
represent the ends of the arc, and G V and C W will 
represent the throws and positions of the eccentric 
sheaves; but, in order to maintain the necessary 
proportion, we must alter the length of the link 
itself in the same ratio as we have altered the 
length of the arc MJN. Let XD F represent the 
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arc of the link of the altered length, then the point 
O will still divide the arc, XBY, oi the link in the 
same proportion as the point H divides the arc 
VJW, Similarly, if we require a lead equal to jBTP, 
the points Q and B will represent the ends of the 
arc, and G Q and GB will represent the throws and 
positions of the eccentric sheaves; but again, in 
order to maintain the necessary proportion, we must 
alter the length of the link itself in the same ratio 
as we have altered the length of the arc MJN, 
Let SB T represent the arc of the link of the altered 
length, then the point G will, as before, still divide 
the arc BD T o{ the link in the same proportion as 
the point jff divides the arc QJB. From the fore- 
going it will be seen that it matters not whether the 
link be driven by an eccentric arm, GM, connected 
by its rod to the point A of the link, or whether it 
be driven by an eccentric arm Q or (7 F, with its 
rod attached to the points /S or X in the link. 



142 DESTQKING YALTE OEABINO. 



GOOCH'S LINK-MOTION. 

In this combination (Figs. 35 and 36) the link is 
also curvedy but with its concave side towards the 
yalye-spindle. The link itself, however, is not shifted 
to vary the position of the slider, as in Stephenson's 
arrangement, the valvenspindle being driven by the 
link through an intermediate connecting-rod TF, 
termed the radius rod, attached to the slider, and 
the link itself is curved to a radius equal to the 
longth of this rod, and is maintained in its central 
position by being attached to one end, Y, of a rod 
YZ, the other end, Z, of which swings on a stud 
fixed opposite to the central position of the point of 
attachment to the link; which point of attach- 
ment should fall in and bisect the arc of the link, 
this arc being struck through the centre of the slot ; 
another position, however, is sometimes chosen for 
this connection. The radius rod, W, is attached 
at any point b in the same (generaUy somewhere 
about the middle of its length) to one end of a rod 
h a, the other end, a, of which is connected to a 
lever or sliding-piece at the point a, opposite to the 
central position of h, the point of attachment to the 
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connecting-rod, the mean motion of the point a in 
the lever or sliding-piece being at right angles to 

1^ 



. Oi 
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the direction of motion of liie valye-spindle AO. 

A 
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Now as the link itself is not shifted, but always 
occupies a position such that its centre travels back- 
wards and forwards along A 0, the centre-line of the 
valve-spindle (the only deviation from this being 
due to the small arc described by the rod YZ carry- 
ing the link), it is only necessary to find the virtual 
forward and backward eccentric arms G V and C U 
once, for all positions of the slider, in the same manner 
as we did in the case of Stephenson's link-motion, and 
to draw a straight line joining the ends, V and U, 
of these, and divide this line, VU, in the same 
proportion as the slider divides the arc, F YH, of 
the link: then the line drawn from this point of 
division to the centre of revolution of the eccentric 
sheaves will represent the single virtual eccentric 
arm, and its position relative to the crank ; and, as in 
this link-motion, the line containing the ends of all 
the single virtual eccentric arms is straight instead 
of curved, the lead remains the same for all positions 
of the slider. The construction is as follows : — ^In the 
straight line A B (Figs. 35 and 36) take any point C> 
and draw GD and GE to represent the throws and 
positions of the eccentric sheaves, and from the same 
poiut as centre, and with radius G D or GE, describe 
the circle D^jB. From the points D and E as 
centres, and with a radius equal to the length of the 
eccentric rods, describe the arcs FG and QH inter- 
secting at the point Q (which point Q does not neces- 
sarily fall in the line FH, Fig. 35), From this point 

L 
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as a centre, and with a radius equal to half the length 
of the link, describe the arcs at I and /, and draw the 
lines EL and MN parallel to AB, touching these 
arcs, and cutting the arcs FG and GHbX the points 
F and H respectively. Join FS. From the point 
jF as a centre, and with a radius equal to the length 
of the radius rod, describe an arc cutting ^ jB in the 
point 0, and from this point as a centre, and with 
the same radius, describe the arc of the link. Join 
D F and E H: these lines will represent the eccentric 
rods. From the centre C set off upon KL and 
MN respectively the points K, L, M and N, repre- 
senting the extent of the travel of the ends of the 
link; the method of doing this has been already 
described (p. 109). Similarly, find the points P and Q 
bisecting KL and MN. Join OP and CQ, and 
through the point iJ, where the centre line, A B, is 
cut by the circle DEB, draw 8T &i right angles 
to AB, cutting the lines CP and GQ in the points 
8 and T respectively. From the centre (7, and with 
a radius G8 or OT, describe the arc UT F, and draw 
the radii CV and CU, making the angles UOD 
and VOE equal to the angles SC B ajid TCB 
respectively in Fig. 35 and alternately in Fig. 36 ; 
in the present case, however, they are equal. 
Then GV and GTJ will represent the virtual 
forward and backward eccentric arms. Join V U. 
We will now assume that any point W in the link 
drives the valve-spindle. Join WO, then this line 
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will represent the radius-rod, and in order to 
ascertain how the valve-spindle is driven by the 
point W in the link we have only to divide the line 
?7 Fin the same proportion as the point TF divides the 
arc F YH of the link, the proportion being taken in 
each case from that end of the link and of the line 
U V, which are contiguous to the same eccentric rod. 
In the following problems, as in those relating to 
Stephenson's link-motion, the results, xhough not 
ahsolutely correct in every detail, so as to be capable 
of direct mathematical proof, do nevertheless under 
ordinary conditions so very nearly approximate to 
perfect accuracy that any deviation therefrom is 
inappreciable in practice ; if very short rods, how- 
ever, are used, it may in some extreme cases be 
desirable to discard the use of valve-circles, and 
draw instead the * arcs described by the eccentric 
rods. In dividing the line W m the same pro*- 
portion as the given point divides the link, we have 
considered the arc of the link; this, as we have 
already explained, being under usual conditions 
sufficiently accurate for all practical purposes, but 
in the case of a link being used which is unusually 
curved, the points in the arc may be projected on 
to the chord by lines drawn through these points 
parallel to the centre line of the valve-spindle, and 
the line UV should then be divided in the same 
proportion as the given points projected divide the 
chord, 

L 2 
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PKOBLEM XIX. 

Given (he throws of the forward and backward eccentric 
sheaves and their ^positions relative to the cenire line of the 
crank; also the length of the link and of the eccentric rods 
and radius rod. It is required to ascertain what motion 
the valve-spindle wiU receive from any given point in the 

\ link, if the end of the radius rod with the slider is shifted 
to that point ; also given any position of the crank at which 
the cutoff of the steam shall take place, it is required to 
find that position of the slider in the link which will effect 
the same. 

Let the straight line AB (Figs. 37 and 38) 
represent the length of the link. From the points 
A and B as centres, and with a radius equal to 
the length of the eccentric rods, describe arcs 
intersecting at G, and from the same points as 
centres, and with a radius equal to the length of 
the radius rod, describe arcs intersecting at D ; 
through the points D and G draw the centre line 
DGE. Join GA. Draw C^jPand GG to represent 
the throws of the eccentric sheaves and their position 
relative to the real position, GE^ of the crank. From 
the point C as centre, and with radius equal Jo CF 
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line, CD, in the point R; through this point draw 
a straight line parallel to ^jB, cutting the line 
(7-4 in the point L From the centre G] and with 
(7 J as radius, describe the arc LIM. Upon FG as 
a diameter describe the valve-circle cutting the line 
AG in the point /. Through the points F and J 
draw a line cutting the centre line, GD, in the point 
K. Through this point draw a straight line parallel 
to AB, meeting the arc LIM in the points L and 
M. Join LG and JfO; these will be the virtual 
forward and backward eccentric arms, and represent 
the movements of the extreme ends of the link ; the 
movement of any intermediate point in the link 
may be found by dividing the line LM in. the same 
proportion as the given point divides the arc of 
the link ; the proportion being taken in each case 
from that end of the link and of the line Zr Jf, which 
are contiguous to the same eccentric rod, and the 
point in the line LM being so found it is only 
necessary to draw a line between it and the centre 
C, and this line will represent the throw and position 
of the single virtual eccentric arm, which, neglecting 
the theoretical error due to the angular motion of 
the rod already explained to be practically inappre- 
ciable, would, if connected by an eccentric rod direct 
on to the given point in the link, cause that point to 
move almost exactly as it is moved by the combined 
action of the real eccentrics and their oblique rods. 
For example, we will suppose that the slider is 
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brought into the position D N, we then find the point 
in the line LM, which divides that line in the 
same proportion, as the point N divides the link, so 
that as BN is to NA so is MO to OL. Join G, 
this will represent the single virtual eccentric arm, 
which, if connected by a rod direct to the valve- 
spindle, neglecting any error due to the angular 
motion of the rod, would drive it almost exactly 
as it is really driven by the combined action of the 
eccentric sheaves, CF and G O, with their oblique 
rods. Let GQhe one of the positions of the crank 
at which it is required that the steam shall be 
cut oif from the cylinder. At the point iJ, where 
G Q intersects the lap-circle, erect a perpendicular, 
cutting the line LM in the point 8. Divide the 
link AB in the same proportion as the point S 
divides the line LM, and let the point of such 
division in the link be T. Join 8G, this will 
represent the position and throw of the single virtual 
eccentric arm which, if connected direct on to the 
valv.e-spindle, would drive it almost exactly as it is 
really driven by the point T in the link under the 
combined motion of the eccentrics GF and GG. 
Upon S G eiB SL diameter describe the valve-circle 
8 KG, intersecting the lap-circle in the same 
point iJ, where it is already intersected by the 
centre line, GQ, of the crank. It will now be 
quite evident that when the slider is at the point 
Tin the link, the port is closed, and the steam *cut 
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off when the crank reaches the position C Q as was 
required. 

If we describe the valve-cirde upon the yirtual 
eccentric arm G^ we shall find that when the slider 
occupies the corresponding position at N in the link 
the port is closed, and the steam cut off when the 
crank reaches the position G U. 
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PROBLEM XX. 

The length of the UnJc and of the radiw and eccentric rode 
being knoum, and the valve-spindle brought into gear vnth 
the end or any other point in the link, and the lead, the 
point of cvJtroff and either the amount the port is to be 
opened at a certain position of the crank, or the utmost 
amount that it is to be opened by this point in the link for 
any position whatever of the crank being given, it is 
required to find the throw and position of the forward and 
backward eccentric sheaves and the lap of the valve. Also 
any position of the crank at which the cut-off of the steam 
shaU take place being given, it is required to find that 
position of the slider in the link which will effect the same. 

Let tbe straight line AB (Figs. 89 and 40) 
represent the length of the link. From the points 
A and jB as centres, and with radii equal to the 
length of the eccentric rods, describe arcs intersect- 
ing at C, and from the same points as centres, and with 
a radius equal to the length of the radius rod, describe 
arcs intersecting at D. Through the points D and 
C draw the centre line BOP, which will bisect the 
arc of the link in the point E. Join AC, Let 
F be the point in the link which is to drive the 
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Yalye-gpindle by means of the rod D F, and find by 
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Problem III. or Problem IV., as the case may be, 
the throw of an eccentric sheaye, and its position 
relative to the real position, (7P, of the crank, which, 
if connected by an eccentric rod direct on to the 
valve-spindle, would produce the required results. 
Find also the lap of the valve, and transfer these 
particulars to the two link diagrams, drawing CO to 
represent the throw and position of this eccentric 
sheave, and describing the lap-circle about the centre 
C. Through the point G draw IJ parallel to A JB, 
making HI equal to. HJ, each bearing the same 
proportion ixyHGasEA bears to EF. Join IG 
and JG; these will be equal to each other. And from 
the centre G, and with radius GI ov GJ, describe the 
arc IK J, cutting the line GA in the point K. Through 
this point draw KL parallel to AB, and meeting 
the centre line at the point L, From the centre (7, 
and with GL as radius, describe the circle NOP, 
then the real eccentric arms will be radii of this circle. 
Upon GHf as a diameter, describe a circle cutting 
GAin the point M. Through H and M draw a line 
cutting the circle ^ P in the point N. Set off i 
equal to LN, and join NG and OG. These will 
represent the real forward and backward eccentric 
arms, that is, the throws of the eccentric sheaves 
and their positions relative to the real position, (7P, 
of the crank ; so that if these are connected by 
eccentric rods to the ends A and B respectively of 
the link, they will by their combined action cause tJie 
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point F to move almost exactly as thongh it were 
connected direct to the eccentric sheave, whose throw 
and position are represented by the line CG. Let 
CQ be the assumed position of the crank, repre- 
senting one of the given positions at which it is 
required that the steam shall be cut off from the 
cylinder. At the point i2, where CQ intersects 
the lap-circle, erect a perpendicular cutting the line 
IJ in the point 8. Divide the link AEB in the 
same proportion as the point 8 divides the line 
IJy and let this point of division in the link be T. 
Join 8G; this will represent the position and throw of 
the single virtual eccentric arm, which, if connected 
direct on to the valve-spindle, neglectiug any error 
due to the angular motion of the rod, would drive 
it almost exactly as it really would be driven by the . 
point T in the link under the combined motion of 
the eccentrics C N and G 0, Upon 8G slssl diameter 
describe the valve-circle 8HG, intersecting the lap- 
circle in the same point JB, as that in which it is already 
intersected by the centre line, G Q, of the crank. It 
will now be quite evident that, when the slider is 
at the point T in the link, the port is just closed, and 
the steam cut off when the crank reaches the posi- 
tion G Q, as was required. If we describe the valve- 
circle upon the virtual eccentric arm G G, we shall 
find that, when the slider occupies the corresponding 
position at F in the link, the port is closed and the 
steam cut off when the crank reaches the position G U. 
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ALLAN'S LINK-MOTION. 

We now come to the third form of link-motion, 
a combination of the two previous ones. For while 
these had the links curved, the concave side in 
the one case being turned towards the shaft, and 
in the other towards the valve-spindle, this third, 
in which a straight link is adopted, forms, as it were, 
a mean between the other two. In the first arrange- 
ment the link itself was moved relative to the valve* 
spindle ; but in the second the link remained still, 
while a rod, termed the " radius rod," and connected 
with the valve-spindle, was moved relative to the link. 
In the third arrangement, however, both the shifting 
link and a radius rod are employed and moved in 
opposite directions by means of a rocking shaft ; and 
as it is of the first importance that the two opposite 
movements thus imparted to the link and rod re- 
spectively should bear a definite ratio to each other, 
we shall presently describe the method of deter- 
mining this. In Allan's link-motion, as in Stephen- 
son's, the lead increases as the link is brought nearer 
mid-gear when open rods are used, and decreases 
with crossed rods; this variation in lead, however. 
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is, in both arrangements of rods, less than that which 
takes place with Stephenson's combination, but we 
have, as in Gooch's link-motion, to provide for two 
sets of rods moving radially about fixed or virtually 
fixed points. Hence, unless the engine is constructed 
with sufficient distance between the steam-chest 
and crank-shaft, we get our eccentric rods and 
radius-rod unusually short; and in very extreme 
cases of this kind, instead of describing valve-circles 
upon the several single virtual eccentric arms, we 
may project the ends of these on to the centre line 
by means of arcs described with a radius equal to the 
length of the eccentric rods, from a point in the centre 
line which represents the end of the valve-spindle 
at that moment ; but such are rarely, if ever, met with 
in practice. 
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PROBLEM XXL 

Oiven the throws of the forward arid hacJcward eccentric 
sheaves and their positions relative to the centre line of the 
cranky also the length of the Unk and of the radius and 
eccentric rods. It is required to know what motion the 
valve-spindle will receive from any given point in the link 
if the slider is brought into gear vjith that point. Also, 
given the various positions of the crank ai which the cut-off 
of the steam is to take place, it is required to find those 
positions of the slider in the link which will effect the 
same. 

Let the straight line A B (Figs. 41 and 42) repre- 
sent the length of the link. From the points A and 
B as centres, and with a radius equal to the length 
of the eccentric rods, describe arcs intersecting at 
C. From this point as centre, and with the same 
radius, describe the arc AEB, Bisect -45 in 2), 
and through the points G and D draw the centre 
line FB G. Set oSBF equal to the length of the 
radius rod, and from the point F as centre, and with 
radius BF describe the arc GBH, cutting the arc 
AEB in the points G and H. Join A C and G C. 
Draw GI and GJ to represent the throws of the 
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eccentric sheaves and their position relative to the 

real position^ CU,ot 
the crank. From the 
point (7 as centre, and 
with a radios eqnal 
to CI or GJj describe 
the circle IJ U. Upon 
(7 J as a diameter 
describe the valve- 
circle IKG, cutting 
AG and G^ C in the 
points K and M re- 
spectively. From the 
point If and through 
the points K and M, 
draw straight lines 
cutting the centre 
line D Via the points 
L and N respectively. 
From the point 0, 
where the circle IJV 
cuts the centre line 
D £7, draw P paral- 
lel to AB, cutting G G 
in the point P. From 
the point (7 as a cen- 
tre, and with radius 
CP, describe the arc 
QPB. Through the 
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point ^draw a straight line parallel toAB, meeting 

the arc QPB at 

the points Q and 

B. Join Q G and 

BC; these will be 

the single virtual 

eccentric arms for 

full forward andfull 

backward gear re* 

spectively. Through 

the points Q, L and 

B describe an arc of 

a circle; this will 

contain, as in 

Stephenson's link- 

motion, the ends 

of all the single 

virtual eccentric 

arms; and in order 

to ascertain what 

motion the valve* 

spindle will derive 

from any given 

point in the link, 

we have only to 

find that point in 

the arc QL By 

which divides it in 

the same proppr- 




162 BESIGinNO YAIiYE GEABIKG. 

tion as the given point divides the link. Now 
supposing that it is required to know what motion 
the yalve-spindle would receive if the slider were 
at the point 8 in the link. To ascertain this, 
we have only to find a point T in the arc QLB 
which divides it in the same proportion as the given 
pomt iS divides the link il£J5; soihat ASisio 8B 
SisQTiBtoTB: and join CT. Then CT wiU re- 
present the throw and position of an eccentric sheave 
which, if connected by a rod direct on to the valve- 
spindle, neglecting any error due to the angular 
motion of the rod, would cause it to move almost 
exactly as it really does move under the combined in- 
fluence of the real eccentrics and their oblique rods^ 
We next have to ascertain what points in the link 
must be put into gear with the valve-spindle in order 
to cause the steam to be cut off at given positions of 
the crank. From the centre C, and with radius 
equal to the lap of the valve, describe the lap- 
circle. Draw (7TFand CX to represent the given 
positions of the crank, and let these lines cut the 
lap-circle in the points T and a respectively. At 
these points erect perpendiculars cutting the arc 
QLBia the points I and e, and in the link A B find 
the points m and w, which will divide it in the same 
proportion as h and e divide the arc QLB; then 
the point m in the link, being brought into gear 
with the valve-spindle, will effect the cut-off of the 
steam when the cretnk reaches the position C W, and 
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the point n in the link will, in like manner, cause 
the steam to be cut off when the crank reaches the 
position OX. Upon GQ, Ce, GT, Gl, and G L de- 
scribe valve-circles, and through the points Z and d 
respectively, where the valve-circles TZG and Qde 
cut the lap-circle, draw (7 Fand Gh; then G F will 
represent the position of the crank at which the 
steam will be cut off when the point S in the link, 
corresponding to the point T in the arc QLR, is 
brought into gear T^ith the valve-spindle, and Gh 
will represent the position of the crank at which the 
steam will be cut off when the link is working in 
full gear. 



M 2 
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PROBLEM XXIT. 

The length of (he link and of the radius and eccentric rods 
being Icnown, and the valve-spindle put into gear with the 
end or any intermediate given point in the linkj and the 
lead^ the point of eut^fft and either the amount the port 
is to he open for a certain position of the crank, or the 
utmost amount that it is to he opened hy this point in the 
link for any position whatever of the crank being given ; 
it is required to find the throw and position of the forward 
and ha^ihoard eccentric sheaves and the lap of the valve. 

Let the straight line AB (Figs. 43 and 44) re- 
present the length of the link. From the points 
A and B as centres, and with a radius equal to the 
length of the eccentric rods, describe arcs intersecting 
at G; and from the point C as centre, and with the 
same radius, describe the axe AFB. Bisect AB in 
By and through the points G and D draw the centre 
line EDG. Set oflF 2) JS? equal to the length of the 
radius rod, and from the point E as centre, and 
with radius equal to DE, describe the arc FBO, 
cutting the arc -4 JP-B at the points F and O. Let 
H represent that point in the link which is required 
to drive the valve in accordance with the given par- 



ALLAN S LINK-MOTION, 



165 



ticulars. Then by Problem III. or Problem IV., as 
the case may be, and 
in a separate diagram, 
we ascertain the throw 
and position of an ec- 
centric sheave, which, 
if connected direct on 
to the valve-spindle 
by means of a rod, 
wonld drive the valve 
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in the manner required. We also, at the same time, 
ascertain the lap of the valve, and transfer these 
particulars to our link diagram (Figs. 43 and 44), 
making GJ to represent the throw and position of 
this eccentric sheave, and CV equal to the lap of the 
valve ; and from the point as centre, and with a 
' radius equal to V, describe the lap-circle. From 
the centre 0, and with radius CH, describe an arc 
cutting the arc FDO in the point J. Join HO, 
F Oy and 10, With J G as a, diameter describe a 
portion of a circle LJK, cutting the centre line GD 
in the point K, and with KG as sl diameter describe 
a portion of a circle KM, cutting the line JC in 
the point M. Through the points K and M draw a 
straight line meeting the arc L JK at the point L. 
Join L G, With LG a,s a, diameter describe a portion 
of a circle LN^ cutting the line HG in the point N. 
Through the points L and j^ draw a straight line, 
cutting the centre line CD in the point 0. Then, 
with its centre somewhere in the line E W, or in 
that line produced, describe an arc of a circle passing 
through the points /and 0. Set off OP and OQ 
equal to each other, and each bearing the same ratio 
to / as DA bears to D H. Join P G and Q G. 
With P (7 as a diameter describe the part of a circle 
P jB, and with (7 as a diameter describe the part 
of a circle cutting the line AG in the point 8. 
Through the points and S draw the line OSR^ 
cutting the arc P iZ in the point 2i, and about the 
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centre G describe a circle passing through this point. 
Set oflF ZI7 equal to XB, and join CB and (7Z7, 
which will represent the throws of the forward and 
backward eccentric sheaves and their position 
relative to the real position GW oi the crank; 
so that if these sheaves be connected to the two 
ends of the link by rods of a length equal to 
CFy and the point S in the lin^ be brought 
into gear with the valve-spindle, this point in 
the link being moved by the combined influence 
of the two eccentrics, will drive the valve almost 
exactly as it would be driven by an eccentric, GJ, 
connected direct on to the valve-spindle. The 
reason we make use of the circular arcs LKy KM, 
LN, &c., is simply to obtain one line at right angles 
to another, upon the principle of Euclid, III. 31 ; 
and the reason that the point L falls in the are 
L JK is as follows : — The line K G bears the same 
proportion to MG as /C bears to LG; then if we 
were to join JK and complete the circle upon the 
diameter /(7, the line KG would cut this circle into 
two unequal parts, of which the segment KLG 
would be the greater, and contain the two angles 
KJG and KLG; but (Euclid, III. 21) these 
angles are equal to each other, and the angle JKGy 
being the angle in a semicircle, is a right angle, 
(Euclid III. 31). For the same reason the angle 
KMG is a right angle; therefore the adjacent 
angle, LMG, must also be a right angle, and the 
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angle /Z" (7 is equal to the angle LJfC Thus in 
the triangles CUK^ GLM, the angle GJKiq equal 
to the angle GLM, and the angle J KG is equal to 
the angle LMG; therefore the third angle LGMis 
equal to the third angle JGKy and the triangle GJK 
is equiangular to the triangle GLM. Therefore, 
as the side KG is io the side / (7, so is the side MG 
to the side L G (Euclid, VI. 4) ; and alternately as 
XC^ is to JIf (7, so is /Oto L (7, which, for the reasons 
we explained in the general remarks on link-motions, 
is the relation these lines have to bear to each other. 
We would just mention that the point L (Figs. 
43 and 44) is really the same as the point ff(Figs. 33 
and 34) in Stephenson's, and the point G (Figs. 
39 and 40) in Gooch's link-motion ; and is used in 
all three cases to obtain the single virtual eccentric 
arm for the link in mid-gear. In our Figs. (43 and 44) 
we have made the throws of the eccentric sheaves 
much larger in proportion to the length of the link, 
than they will ever be found to be in practice. This 
is done to make the points of intersection more 
distinct. 
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PROBLEM XXIIL 

The length of the link and of the raditis and eccentric rods 
being given, to find the line which contains the centre of the 
roching-shafty and the lengths of the two arms which carry 
the suspension links, to which the main link and raditis rod 
are each attached. 

In the straight line A B (Fig. 45) take any point 
(7, and at right angles to A B, draw CD to represent 
haK of the link. From the point B as centre, and 
with radius equal to the length of one of the ec- 
centric rods, describe an arc cutting the line ABm 
the point E^ and from this point as a centre and with 
the same radius describe the arc B F. From the 
point G, and upon the straight line A C, set oS C G 
equal to the length of the radius rod, and from the 
point O as centre, and with the same radius, describe 
the arc C JT, cutting the arc D jP in the point J. Join 
I G and IE. The point I will represent the end of 
the link and of the radius rod when the link is in full 
gear. In the line G (7, which represents the radius 
rod when the link is in mid-gear, determine the point 
of suspension J, From the point G as centre, and 
with radius GJ, describe the arc L JK, meeting the 
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line GI in the point K, and making JL equal to 
JK; and from the point E as centre, and with radius 
E G, describe the arc CM; and from the point I as 
centre, and with a radius equal to D G, describe an 
arc cutting the arc GMin the point N ; and make 
G equal to G N. Join NKy intersecting the centre 
line -4jB at the point P. Through this point 
draw the straight line Q 22 at right angles to -4 jB. 
Then the centre of the rocking-shaft, carrying the 
two arms from which the link and radius rod are 
supported, will lie somewhere in the line Q B. Join 
KL and N, these lines will be at right angles to the 
line A B, and will intersect it at the points 8 and T 
respectively. Bisect the versed sines 8 J and OT, 
and through the points of bisection draw straight 
lines at right angles ioAB. In the straight line Q B 
determine the point U which is to represent the 
centre of the rocking-shaft, which effects the relative 
movements of the link and of the radius rod. Through 
the point U draw a straight line parallel to AB, 
cutting the lines which bisect the versed sines of the 
arcs KJL and OGN in the points Fand W re- 
spectively. Set off VX and V T each equal to 8K 
or 8L, and from the points Xand F respectively, 
draw X A and YJc parallel to VW. Bisect FX in 
h and join Uh, and through the point h draw em 
at right angles to 176, cutting the perpendicular 
U V produced in the point w. From the point U as 
centre, and with radius Urn, describe the arc emn^ 
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meeting the perpendicular Xh and FA; in the points 
e and n respectively. Then Xe will be equal to Fm, 
that is, the arc emn has been so drawn that its versed 
sine is bisected by the same line as bisects the versed 
sine of the corresponding arc KJL, In the same 
manner we set oS WZ and Wa each equal to TO 
or TN, and proceed to obtain the arc vlt meeting 
the perpendiculars Zh and a A; at the points v and t 
Join et, passing through the point U. Then the 
lines Ue and Ut will represent the lengths of the 
arms of the rocking-shaft, which carry the link 
and radius rod respectively, and the position of the 
same when the link is in full gear. Join £^6 and 
Nty these lines will represent the length of the con- 
necting links by which the arms Ue and Ut are 
attached to the link and radius rod. 

The foregoing method of describing from a given 
centre an arc whose versed sine shall be bisected by 
a given line, will often be found useful in designing 
engine work, and as it may sometimes happen that 
the radius is known, but not the centre from which 
the arc is to be described, we will take the oppor- 
tunity of showing how this is to be ascertained. 

Let A B (Fig. 46) be the line which is to bisect the 
versed sine of the arc, and let GB represent the 
length of the chord of the arc. Bisect CB bx E^ and 
through this point draw FG perpendicular to GD. 
Bisect GE ia the point JT, and from this point as 
centre, and with radius equal to half the given 
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radius of the larger arc, describe an arc cutting the 
line F Gin the point J, and from this point J as a 
centre, and with the same radius, describe the semi- 
circle JHKy passing through the point JTand cut- 
ting the line FO in the points / and K. Then the 
point K will be the centre from which the arc is to 
be described with the radius KJ, equal to the given 
radius. Through the point E draw the straight line 




Tvg .46 



Jj M parallel ix) AB, and draw CN and D parallel 
to F G. From the point Kas centre, and with radius 
KJ equal to the given radius, describe the arc 
JPJQ meeting the lines CN and D at the points 
P and Q respectively. Then CP and D Q will each 
be equal to JE. The proof is the same for both 
cases (Figs. 45 and 46), we need therefore only take 
the one (Fig. 46) in which we have the separate 
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diagram. Join GJ^PJ^ and P E, also HK,PKy and 
P Q. Then in the triangles CEP, J HE, we have 
made the side CH equal to the side HE, and the 
angle CHP is equal to the vertical opposite angle 
JHE ; and because GP has been drawn parallel 
to JE and P /meets them, the alternate angle GP J 
is equal to the alternate angle P JE: therefore the 
triangle GHP is equal to the triangle JHEy and 
the side (7P is equal to the side JE; but EB is 
equal to GP, therefore EB 18 also equal to JE; but 
cT'J? plus E B, that is JB, is the versed sine of the 
arc PJQ, from which it is clear that the versed sine of 
the arc is bisected by the line -4 B passing through the 
point E. Again we can show that KP and KJaje 
radii of the same circle. In the triangles KHP, 
KHJy^e have the side P H equal to the side HJ^ 
because they are the sides opposite to the equal 
angles in the equal triangles GHP and JHE, and 
we have the side HK common to the two triangles 
KHP, EH J, and the angle KHP equal to the 
angle KHJ, because they are both right angles 
(Euc. III. 31), the angle KHJ being the angle in a 
semi-circle (in the first case (Fig. 45) e m was drawn 
at right angles to Uh) ; therefore the triangle KHP 
is equal to the triangle KHJ, and the side K P is 
equal to the side K J. 



Stephenson's and Allan's link-motions. 175 



STEPHENSON'S AND ALLAN'S LINK- 
MOTIONS. 



EQUALISING THE LEAD. 



PEOBLEM XXIV. 

We have already pointed out in Stephenson's link- 
motion (Figs. 31, 32) as also in Allan's (Figs 41, 42) 
that the lead yaries more and more as the valve- 
spindle is brought into gear with points nearer the 
centre of the link ; and although with rods and links 
of the same lengths in both cases, the variation is 
less with Allan's than with Stephenson's arrangement, 
stm, as in the former link-motion, two sets of rods 
have to be provided for within the distance between 
the crank-shaft and steam-chest, the lengths of the 
eccentric rods when AJlan's combination is used, are 
considerably shorter in proportion than they would 
be with Stephenson's; hence, as a matter of fact, in 
practice the variation in lead is nearly, if not quite, 
as great, whether a Stephenson or an Allan arrange- 
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ment be adopted. There is, however, a method at 
present in use which enables us to a great extent to 
get over this diflBculty, but only for one motion of 
the engine, and that at the expense of the reverse 
motion. Thus if we equalise the lead for the/or- 
ivard motion, we make the distribution of the steam 
so much the more imperfect when the engine is 
running hackwarda. In engines, however, which are 
only occasionally reversed, and that for compara- 
tively short periods, this defect in the backward 
motion is not of much consequence, and we can afford 
to improve the valve-gear for the forward motion at 
the expense of that in the reverse direction. 

If we refer to our diagrams (Figs. 31, 32, 41, and 42), 
we find that the various valve-circles intersect at 
points of which the point of intersection of the fullgear 
and middle gear valve-circles forms, as it were, a mean: 
therefore to equalise the lead for the forward gear, 
we shift our two eccentrics round so that this point 
falls in the centre line C D, while the crank remains 
at its dead-point furthest from the cylinder. This 
being done, we find that while we have to a certain 
extent equalised the lead, we have also altered it, 
and have at the same time caused the cut-off to take 
place at a different position of the crank, and this 
alteration in the lead would have to be compensated 
for by altering the lap of the valve ; this again would 
vary the amount the ports are opened, and still 
further affect the position of the crank at which the 
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cut-off takes place, so that it becomes necessary to 
take all this into consideration in designing the valve- 
gear from the first ; the method, however, of doing 
this differs in the Stephenson and Allan combinations; 
we must therefore deal with them separately. 

With Stephenson's link-motion, which is the sim- 
pler case of the two, the centre line A C (Figs. 31 
and 32) passes through J3", the point of intersection 
of the full gear and middle gear valve-circles, because 
FI (Fig. 31) and FH (Fig. 32) were drawn at right 
angles to A C, and the angles FHC and IHG are 
right angles in the two intersecting semi-circles 
FHG And J JT (7, therefore these semi-circles inter- 
sect at the point where the two right angles are 
formed, that is in the point H where the line A G 
intersects the line drawn through F and JT. We 
have therefore in all cases of Stephenson's link-motion 
only to shift the sheaves through an angle equal to 
-4 (72) in order to equalise the lead. With open rods 
we shift the sheaves in the direction the engine is to 
run with the equalised lead, but with crossed rods we 
shift them in the reverse direction; hence, with 
crossed rods an equalised lead may be obtained for 
both the forward and the backward motion of the 
engine by making the sheaves free to turn together 
between stops on the shaft through an angle in each 
direction equal to AG D, the very reversal of the 
engine thus equalising the lead in the opposite 
direction* In designing a Stephenson link-motion 

K 
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with equalised lead we proceed exactly as stated in 
Problems XVII. and XVIII., except that when we 
have found CF in the former, or (7 JT in the latter, aa- 
cordmg to the circumstances of the case (see * p. 130 
or p. 186) we transfer it to our link-diagram, setting 
it back from CD for open rods, And forward toward 
GD for crossed rods through an angle in each case 
equal to AC Dy greater or less than the angle which 
GF OT (7 JT should really make with the centre line 
GD,B8 found by Problems III. or IV., as the case may 
be ; having done this we complete the diagram as in 
Problem XVII. or XVIII., and then we turn the 
eccentric arms with the curve of centres, and anv 
single virtual eccentric arms we may have found, back 
again through the same angle A CD, so that CF or 
CH occupies its correct position with regard to the 
centre line CD. The centre line, CD, will then be 
found to pass through the point, in which the full 
gear and middle gear valve-circles will intersect. 

In Allan's link-motion the angle through which 
CF or CH has to be set back or forward cannot be 
so easily ascertained, as it is dependent upon the 
arrangement of the several details of each combi- 
nation, which renders the investigation more intricate; 
the following construction, however, will give the 
angle required. 

In Problem XXII. we showed how to get out an 
Allan valve-gear which would yield results in accord- 
ance with certain requirements, but in that case the 
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valve was to have the same lead for similar relative 
positions of the link and slider in forward and back- 
ward gear: we now have to design a valve-gear 
under precisely similar conditions as those given in 
Problem XXII., but with the sheaves so set as to 
give comparatively equal lead in one direction of 
motion of the engine. 

Let AB (Figs. 47 and 48) represent the throw 
of the single virtual eccentric arm and its position 
relative to the real position A Cot the crank, so that 
if it were connected direct on to the valve-spindle by 
means of an eccentric rod, it would drive the valve 
in the same manner in which it is required that it 
shall be driven by the point H in the link (Figs. 43 
and 44). This can be obtained by either Problem 
in. or IV., according to circumstances, as already 
explained in Problem XXII. Produce CA to H. 
With BA (Figs. 47 and 48) as a diameter describe 
the arc of a circle BD and draw AD, making 
the angle BAD equal to the angle ICD (Figs. 43 
and 44). This line AD is di'awn below A B with 
open rods, and above A B when cross rods are used ; 
then the point D (Figs. 47 and 48) will correspond 
with the point L (Figs. 43 and 44) ; and as in those 
figures a line drawn from this point and at right 
angles to CS will pass through the point 0, and 
we know the angle HGO^ therefore with open rods 
(Fig. 43) the angle LOG must be equal to a right 
angle mmus the angle HCO, for Zr being at right 
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angles to CS, the third angle ONCaS the triangle 
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2V0 is a right 
angle. Again, with 
crossed rods (Fig. 
44), the angle LOO 
is equal to a right 
angle plus the angle 
H C ; hence, in 
either case, if we 
describe upon the 
line LC an arc of 
a circle, which shall 
contain the required 
angle 2/00 (Euclid, 
III. 33), the point 
must fall some- 
where on that arc. 
Draw A E (Figs. 47 
and 48), making the 
angle DAE equal 
to the known angle 
B^(70(Figs.43and 
44) ; this line A E 
is drawn above A D 
with open rods, and 
below it when 
crossed rods are 
used. Bisect A D 
in Fy and draw FO 
at right angles to 
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A D, cutting AE in the point O. From this point as 
a centre, and. with OA as radius, describe the arc 
DXAy and from the point B draw B I perpendicular 
to HA and meeting it in the point J. 

From any point / (lower portion of figures) as 
centre, and with a convenient radius, describe the 
arc KL (Fig. 47), ML (Fig. 48), and take a portion 
of this KM and bisect JSTM" in N. Join NJ, and 
set off the angle NJO equal to the known angle 
BAH. In the arc MK take a point P which 
divides it in the same proportion as the given 
point in the link divides the link, the proportion 
being in each case taken from similar ends of the 
arc ME and the link AB. Join PK and produce 
it, and draw P2i parallel to /O, and from the point 
P set off P 2i equal to A B, and from the point B 
draw jB Q parallel to JK, and cutting the line PK 
produced in the point Q. From the points B and A 
as centres, and with P Q and B Q respectively as 
radii, describe arcs intersecting at the point S. If 
we now describe the arc of a circle passing through 
the three points B, I, and S, this arc will cut the 
arc DXA in the required point X This is con- 
veniently done as follows. With the points I and S 
as centres, and with any raiius, describe arcs inter- 
secting in the points T and U respectively. Join 
T U and produce it, and from the point F, where 
the line F O bisects the line A B passing through the 
centre from which the arc B D was struck, draw V W 
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parallel to SA, and intersecting the line T U pro- 
duced in the point W. This point will be the centre 
from which the arc that will pass through the three 
points B, J, and 8 has to be described. From the 
point W as centre, and with radius equal to the dis- 
tance WBy describe the arc BSI, cutting the arc 
D XA in the point X, which will be the point re- 
quired. Join -4 Xand produce it towards F, then the 
angle YA S is the angle through which we have to 
shift the sheaves in order to equalise the lead. With 
open rods we shift the sheaves in the direction the 
engine is to run with the equalised lead, but with 
crossed rods we shift them in the reverse direction ; 
hence, as in Stephenson's link-motion, an equalised 
lead may be obtained for both the forward and 
backward motion of the engine by using crossed 
rods, and making the sheaves free to turn together 
between stops on the shaft through an angle in each 
direction equal to YAH, the very reversing of the 
engine thus equalising the lead for the opposite 
direction of motion of the crank. The curve B 81 
is, stricUy speaking, not an arc of a circle, though 
it so very 'closely approximates to one that it may, 
under any circumstances, be considered as a true 
circular arc; nevertheless, where extreme accuracy 
is required, it is desirable to obtain the point 8y so 
that it shall be at no great distance from where the 
point of intersection of the curve B 81 with, the arc 
DXA will take place. But as this cannot always 
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be settled with any certainty beforehand, we may 
first take the point S wherever the construction 
may fix it ; and if it falls at too great a distance 
from where the arc described through the points 
J?, S, and I cuts the arc J) Z-4, we can reconstruct the 
lower half of our figure, making the angle KJM 
equal to twice the angle XAI, as given by the 
preliminary construction. This will give a point 8 
almost exactly coinciding with the point X 

In our two diagrams (Figs. 47 and 48) we have 
taken the arcs KL (Fig. 47) and ML (Fig. 48) as 
having their concave sides towards the same direction 
as those of the curves of centres would be. Thns, 
with open rods (Fig. 47), the sltcKL has its concave 
side towards the point JJ, representing the centre of 
the shaft ; and with crossed rods (Fig. 48) the arc 
ML has its concave side away from this point. 
There is, however, no direct connection between 
these arcs and the corresponding curves of centres, 
and we have only taken the arcs in these respective 
positions to enable the point X in. each case to fall 
between the points J and 8 for the purpose of ensuring 
perhaps greater accuracy in determining the point 
X itself. If the point 8, is required to fall some- 
where beyond the point I (Fig. 47), then the arc 
KL must be concave towards the point B; but if 
we want the point 8 to fall between the points B 
OT./I J (Fig. 48), we must invert the arc ML, so that 
'%vex side shall face B. In either case, however, 
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it will be seen that the point S may happen to fall 
between X and J, which is not desirable, as S and I 
would then be so close together as to make it difiScult 
to ascertain the true position of the centre from which 
to describe the arc B 8L This may be avoided by 
making the angle MJK, in both cases, large enough ; 
or, where this is not easy to determine beforehand, 
we may first find the point X approximately, and 
then reconstruct the lower half of our diagram, as 
before explained, and find X with the greatest accu- 
racy. We have only to bear in mind that with open 
rods the sjigle BA8 is the given angle BAIplm half 
the assumed angle KJM, aud with crossed rods it is 
the angle BAI minus half this assumed angle. The 
foregoing construction applies to cases in which A B 
represents the single virtual eccentric arm, referring 
to an in^rmediate point in the link ; where, however, 
A By corresponding to (7P (Figs. 43 and 44), re- 
presents the single virtual eccentric arm referring to 
either end of the link, our construction is as follows. 
With B A (Figs. 47 and 48) as a diameter, describe 
the arc of a circle B D and draw A D, making the 
angle B AD equal to the angle FCD (Figs. 43 and 
44) ; this line is drawn below A B with open rods, 
and above AB when crossed rods are used, then 
AB will correspond with GB (Figs. 43 and 44). 
Upon J. D as a diameter describe an arc of a circle 
(Euclid, III. 33) which shall contain an angle equal 
to the angle BOG (Figs. 43 and 44), which, as we 
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have already explained, is for open rods, equal to a 
right angle mimts the angle AG By and for crossed 
rods to a right angle plus the angle A CD. Draw 
AE (Figs. 47 and 48), making the angle JDAE 
equal to the known angle AC H (Figs. 47 and 48), 
This line AE is drawn cihove AD with open rods, 
and helow it when crossed rods are used. From 
the point B draw B Z at right angles to -4 B", and 
cutting the arc DXA ai the point Z. From the 
point A draw -4 a, passing through this point. 
Then the angle HAa is the angle through which 
we have now to shift the sheaves in order to 
equalise the lead, as already explained in the pre- 
vious case. 

In designing an Allan link-motion with equalised 
lead we proceed exactly as stated in Problem XXII., 
except that when we have found by Problem III. or 
IV. the length of CJ, and its position relative to CD, 
we transfer it to our link diagram, setting it hack 
from CD for open rods, and forward towards CD for 
crossed rods, through an angle in either case equal 
to YA H (Figs. 47 and 48), greater or less, as the 
case may be, than the angle JCD (Figs. 43 and 
44). We then complete the diagram as set forth 
in Problem XXII., and turn the eccentric arms 
with the curve of centres, and any single virtual 
eccentric arms we may have found, back again 
through the same angle YA S; so that C J occu- 
pies its correct position with regard to CD, and CD 



Stephenson's and Allan's link-motions. 187 

will then be found to pass through the point at 
which the full gear and middle gear valve-circles 
intersect. 

In our Figs. (47 and 48) the line T W appears to 
pass through the required point X; it does not, 
however, necessarily do so. 
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LINK EXPANSION-GEAES. 

We have already pointed out how expansion- 
gearing may be made variable either by shifting 
the eccentric sheave or by altering the lap of the 
cut-oflf valve; but we have now to deal with ex- 
pansion-gearing in which the cut-oflf valve is driven 
by an intermediate link in the same way as the main 
valve is driven in reversing combinations. There 
is, however, this great diflference in the link itself: 
that used in expansion-gearing corresponding to only 
one-half of a link, such as is used in reversing com- 
binations, and it has, besides, only an eccentric rod 
attached to one end of it, the other being dealt with 
in the case of Stephenson's and Allan's links in a 
diflferent manner from that in which it is treated 
in Gooch's. In the two former this end of the 
link, which corresponds to the centre point of a 
reversing link, is either attached to a rod similar 
to an eccentric rod, the strap of which embraces 
a sheave not eccentric to but concentric with the 
crank-shaft, or it is attached to a block sliding 
in a slot curved to an arc of a circle struck from 
the centre of the crank-shaft; and in either case 
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its position relative to the valve-spindle is changed 
in the same manner as in the corresponding link- 
reversing motion, the attachment to the link for 
that purpose being at its fixed end, which in all 
three forms of link virtually corresponds with the 
centre point of a link in a similar reversing-gear^ 
and when the eccentrics are set so as to give that 
point no appreciable movement, which is the case 
when the valve has neither lap nor lead. In the 
case of a Gooch's link being used, the eccentric rod 
is attached to one end of the Unk, while the other is 
carried by a fixed ntud. 
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EXPANSION GEAR WITH STEPHEN- 

SON'S LINK. 



PEOBLEM XXV. 

CHven the length of ike link and of the eccentric rod and the 
throw of the sheave ; it is required to find whai motion 
the expansionHsalve mil receive from any point in the link. 
And conversely, given the length of the link and of the 
eccentric rod, and the travel which the valve is to receive 
from any given point in the link; it is required to find the 
throw of the eccentric sheave. 

In the straight line A B (Fig. 49) take any point C> 
and with this point as centre, and with a radius equal 
to the length of the eccentric rod, describe the arc 
BF, making J) Eand i^jPeach equal to the length of 
the link Join B G and FG. From the centre (7, and 
with radius equal to the throw of the eccentric sheaYe, 
describe the circle OBH. From the point C draw 
GO sX right angles U) GB, and with a centre some- 
where in the line AB describe an arc of a circle 
passing through the points O and G. Having now 
-T-+oined the curve of centres OKG, we ascertain by 
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Problem XIV. the position of the expansion eccentric 
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sheave relative to the real position of the crank, and 
we draw CH in that position, and describe the curve 
of centres HJCmih the same radius as we described 
the arc GKC. Then, if we wish to ascertain what 
motion any point I in the link will transfer to the 
valve-spindle, we have only to take a point J in 
the arc CJH, which divides it in the same propor- 
tion as the point I divides the link (the proportion 
being taken in each case from the centre G and the 
end E of the link), and join GJ. The line GJ will 
represent the throw and position of the single virtual 
eccentric arm, which, if connected direct on to the 
valve-spindle by an eccentric rod, would cause the 
valve to travel almost exactly as it actually does 
travel under the influence of the real eccentric GH 
and the link D E. The end E of the link has no 
travel, but is attached to a rod, E (7, similar to the 
eccentric rod and of the same length ; but the strap 
at the end G is not attached to an eccentric sheave, 
but embraces the shaft, a journal being formed on it 
for that purpose. But as there is in that case con- 
tinual wear going on as the shaft revolves, the end 
G of the rod EGh sometimes held by a stud flxed 
on to some part of the framing as near to the 
shaft as possible. In other cases, the rod EC is 
dispensed with, and the end E of the link is carried 
by a block sliding in a slot curved to an arc struck 
from (7, the centre of the shaft. In either case the 
link is shifted into difierent positions by a connecting 
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link, one end of which is attached to the point E of 
the expansion-link, the other being carried by a 
lever or screw-gear. The dotted lines EF and FG 
represent the link and rod when the link is in full 
gear. 

We now come to the converse case, in which any 
point in the link heinff ffiven, and the motion the vaJve- 
spindle is to receive when thai point is hroughi into 
gea/r with it, we have to find the throw and position of 
the eccentric sheave. 

Let I be the given point in the link, and CJ 
represent the throw and position of an eccentric 
sheave which would give the required motion to the 
valve. This may be ascertained by either Problem 
Vn., XI., XII., or XV. Join CI and draw CK 
equal to C^eTand at right angles to CI: and with a 
centre somewhere in the line A B describe the arc 
of a circle passing through the points K and C, and 
continue this arc to 6^, so as to make K O bear the 
same proportion to KC as D J bears to IE, Join 
C G. From the centre C, and with radius C O, de- 
scribe the circle GBS. Through the points (7 and 
Jy and with the same radius as that with which we 
just described the arc OKC, describe the arc CJH, 
cutting the circle GBHin the point H. Join CH. 
Then CH will represent the throw and position of 
the real eccentric arm, which, if attached by a rod 
CD to the point D of the link, would cause the given 
point I to impart to the valve-spindle, when brought 

o 
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into gear with that point, a motion almost exactly 
similar to that which it would receive if driven direct 
by the given eccentric arm CJ. 

In order to make the matter quite clear, we 
have shown (p. 204, Fig. 52) how the full expansion 
diagram is set out when Stephenson's or Allan's link 
is used. 
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EXPANSION GEAE WITH GOOCH'S 

LINK. 



PEOBLEM XXVI. 

Criven the length of the link and of the eccentric and radius 
rods and the throw of the sheave ; it is required to find 
what nwtion the expansion valve will receive from any 
point in the lirJc, And conversely, given the length of the 
link and of the eccentric and radius rods, and the travel 
which the valve is to receive from any given point in the 
link ; it is required to find the throw of the eccentric 
sheave. 

Let the arc A B (Fig, 50), struck from the centre 
G with radius equal to the radius rod 0-4, represent 
the link; bisect u4J5 mB. Join GB and produce 
it ; from the point A as centre, and with radius 
equal to the length of the eccentric rod, describe an 
arc cutting the line GB produced in the point jE?. 
Join AE; and from the point E as centre, and with 
radius equal to the given throw of the eccentric 
sheave, describe the circle FOH, and draw EF a.t 
right angles to EA. At the point O, where the 
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circle FKH cuts the centre line DE, draw GI at 

right angles to DE, and 
cutting the line EA at 
the point L From the 
centre E, and with EI 
as radius, describe the 
arc IJ; and from the 
point E draw EJ at 
right angles U> DE, and 
meeting the arc J/ in the 
point Jf then the angle 
JEF will be equal to 
the angle lEO; and, 
as in Gooch's reversing 
link-motion, the line E J 
rejpresents the throw and 
position of the single vir- 
tual eccentric arm, re- 
ferring to the motion of 
the valve spindle when 
the link is in full gear, 
at the same time the line 
JB/is the line containing 
the ends of all the single 
virtual eccentric arms, 
and as each of these 
arms will be drawn from 
the point Ey the line E J 
will contain not only the 
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ends but the arms themselves. Haying now obtained 
this line EJy we ascertain by Problem XIV. the 
position of the expansion eccentric sheave relative 
to the reed position of the cranky and we draw E K 
in that position and EL in the same relative posi- 
tion to EK that EFhas to EJ; then EL will be 
the position of the actual eccentric sheave relative 
to the real position of the crank. If we now wish to 
ascertain what motion any point M in the link will 
impart to the valve spindle, we have only to find a 
point N in the line EK which divides it in the same 
proportion as the point M divides the link (see p. 
113), the proportion being in all cases taken from the 
end B of the link and the end E of the line E K; 
then EN wiU represent the throw and position of 
the single virtual eccentric sheave, which, if connected 
direct on to the valve spindle by an eccentric rod, 
would impart to it almost exactly the same motion 
as it receives from the point M in the link. With 
regard to the method of carrying the link, as in 
Gooch's arrangement the link itself is not shifted 
with reference to the valve spindle, and the end B of 
the link receives no motion from the eccentric, 
this point in link-expansion motions is carried by a 
stud fixed on to the framing of the engine, and the 
radius rod GAia shifted relative to the link by the 
same means as are adopted with Gooch's reversing 
link motion, either a lever or screw-gear being used. 
We now come to the converse case, in whicli any 
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paint in the link being given, and the motion 
which the valve spindle is to receive when that point 
is brought into gear with it; to find the throw 
and position of the actual eccentric sheave. Let M 
be the given point in the link, and let E N represent 
the throw and position of an eccentric sheave, which, 
if connected by an eccentric rod direct on to the 
valve spindle, would give it a motion similar to that 
. which it is required to be given to it by the point 
M in the link ; this may be obtained by either Pro- 
blem VIL, XI., Xn., or XV. Produce ENto K, 
making NK to bear the same proportion to NE as 
MA bears to Jf J?,then EK will represent the single 
virtual eccentric arm referring to the travel of the 
valve spindle, when the link is brought into full gear. 
We have now to find the throw and position of the 
actual eccentric arm and its position relative to the 
real position of the crank. Upon EK as a, diameter 
describe a circle, and draw EL meeting the circle, 
and making the angle LEK equal to the angle 
IE 0. Then L E will represent the throw and posi- 
tion of the actual eccentric sheave required. In 
order to show how this problem is applied we have 
set out a full expansion diagram for Gooch's link 
(see p. 208, Fig. 53). 
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EXPANSION GEAR WITH ALLANS 

LINK. 



PEOBLEM XXVII. 

€Kven the length of ihe link and of the eccentric and radius 
rods and the throw of the sheave ; it is required to find 
what motion the expansion valve wUl receive from any 
point in the link. And conversely ^ given the length of the 
link and of the eccentric and radius rods, and the traioel 
which the valve is to receive from any given point in the 
link ; it is required to find the throw of the eccentric sheave. 

In the straight line A B (Fig. 51) take any point 
(7, and at right angles to AB draw CJ) to represent 
the link. From the point D as centre, and with a 
radios equal to the length of the eccentric rod, de- 
scribe an arc catting ulJ? in the point E. With 
this point as centre, and with a radius equal to the 
throw of the eccentric sheave, describe the circle 
HOB, and fix)m the same centre, and with radius 
equal to the length of the eccentric rod, describe the 
arc DF. Set oS OA equal to the length of the 
radius rod, and from the point A as centre, and with 
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radius equal to AC^ describe an arc cutting the 

arc DF in the point F. 
Join FE and DE, and 
draw EOat right angles 
to ED. Prom the point 
H, where the circle HGB 
cuts the centre line A B, 
and at right angles to 
A By draw A*/ cutting the 
line EF in the point L 
From the centre E, and 
with EI as radius, de* 
scribe the circle UK; 
draw EJ, making the 
angle JE O equal to the 
angle FE C, and with a 
centre somewhere in the 
line CB produced, de- 
scribe an arc of a circle 
passing through the 
points /and E. Haying 
now obtained the curve 
of centres JOE, we 
ascertain by Problem 
XIV. the position of the 
expansion eccentric 
sheave relative to the real 
position of the crank, and 
we draw EK in that 
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position, and describe the curve of centres ENK 
with the same radius as that with which we described 
the axQ JO E^ and we draw JE? if in the aame relative 
position to EK as EO has to EJ; then EL will be 
the position of the actual eccentric sheave relative to 
the real position EB oi the crank. If we now wish 
to ascertain what motion any point M in the link 
will impart to the valve spindle, we have only to 
find a point N in the arc ENK which divides it in 
the same proportion as the point M divides the Unk, 
the proportion being in every case taken from the 
end G of the link and the end E of the arc. Join 
EN; the line EN will represent the throw and posi- 
tion of the single virtual eccentric arm, which, if 
connected direct on to the valve spindle by an 
eccentric rod, would cause it to travel almost exactly 
as it actually does travel under the influence of the 
real eccentric EL and the link D(7, when the 
point M is brought into gear with the valve spindle. 
The end (7 of the link has no travel, but is connected 
to a rod, GE, similar to an eccentric rod, but of 
a shorter length, the proportion being b.s GE is to 
D Ef the strap of which rod, however, is not attached 
to an eccentric sheave, but embraces the shaft, a 
journal being formed on the latter to receive it ; but 
as there is in that case, as we pointed out with regard 
to Stephenson's arrangement, continual wear going 
on as the shaft revolves, the end of the rod CE is 
sometimes held by a stud fixed on to the framing as 
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near to the shaft as possible ; in other cases this rod 
is dispensed with, and the end C of the link is carried 
by a block sliding in a slot cnryed to an arc struck 
from E the centre of the shaft. In either case the 
link and radius rod are shifted relatiye to each other 
in the manner explained in Problem XXIII. 

We now come to the converse case, in which any 
point in the link "being given, and the motion the valve 
spindle is to receive when thai point is hrofight into 
gear with it ; Uis required to find the throw and posi- 
tion of the actual eccentric sheave. Let the point M 
(Fig. 51) be the given point in the link, and let EN 
represent the throw and position of an eccentric 
sheave, which, if connected by an eccentrid rod direct 
on to the valve spindle, would give it a motion similar 
to that which it is required shall be given to it by 
the point JIf in the link; this line ENmSkj be ob- 
tained by either Problem VII., XI., XIJ., or XV* 
Join EM, and from centre E, with radius EM, 
describe an arc cutting the arc F Cia the point P. 
Join PE, and upon EN as diameter describe a 
circle, and draw E Q, meeting this circle at the point 
Q, and making the angle QEN equal to the angle 
PEG. Draw E B equal to E Q and at right angles 
to E M, and draw E equal to EN, and making the 
angle BEO equal to the angle QEN. Then with 
a centre somewhere in the line GB produced, de- 
scribe the arc of a circle passing through the points 
and E, and continue this arc on to J, making O J 
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to bear the same proportion to OE as DM bears to 
M G. Join JE. From the centre Ey and with radius 
EJ, describe the circle J IK. Through the points 
JV^ and E, and with the fiame radius as that with 
which we described the arc OE, describe the arc 
ENK, meeting the circle J IK at the point K. Join 
EK. This line EK will represent the single virtual 
eccentric arm referring to the motion of the valve 
spindle when the link is put into full gear. Upon 
EK as a, diameter describe a circle and draw EL, 
meeting the circle at the point L, making the angle 
KEL equal to the angle CEF. Then the line 
EL will represent the throw and position of the 
actual eccentric sheave required. 

In order to show how this problem is applied, we 
have set out a full expansion diagram for Allan's and 
Stephenson's link motions (see p. 204, Fig. 52). 
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STEPHENSON'S AND ALLAN'S LINK 
EXPANSION DIAGRAMS. 



PROBLEM XXVm. 

The application of the Curve of Centres in 
Stephenson's and Allan's Expansion Link 
Diagrams to an ordinary Expansion Dia- 
gram. 

Let the straight lines AB and GD (Fig. 52) be 
perpendicular to each other and intersect at the point 
E, and let EF represent the throw of the main valve 
eccentric sheave and its position relative to the real 
position EA of the crank. From the centre E^ and 
with radius EF, describe the circle FMD. Upon 
EF SL8 & diameter describe the primary main valve 
circle. Let E O represent the earliest point of cut- 
off that will be required, and let the line E G cut the 
valve-circle FN Em the point jB". Join FS and 
produce it. From the centre Ey and with radius 
equal to OjH" in Stephenson's arrangement (Fig. 49), 
or EK in Allan's (Fig. 51), describe the arc of a 
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circle cutting the line FH produced in the point L 
Join IE. Then the line IE will represent the 
throw of the eccentric arm which virtually drives the 
expansion valve, when the link is put into full gear, 




and the position of that arm relative to the real posi- 
tion EA of the crank ; and, taking the expansion valve 
as having no lap either positive or negative (in which 
form, as we have already previously explained, it 
effects the sharpest cut-off of the steam), we find that 
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when the link is put into full gear, the steam is cut 
off at the position EO oi the crank, passing through 
the point where the primary expansion and main 
valve-circles intersect. If we now describe upon IE 
the curve of centres as obtained by either Problem 
XXV. or XXVII., we can ascertain the points in the 
link which will effect the cutting off of the steam at 
the various required positions of the crank. Let it be 
required to find any points in the link which will cut 
off the steam when the crank reaches such a position 
as JE, cutting the main valve-circle in the point K. 
From the point J' draw a line through this point, 
and cutting the curve of centres in the point L : we 
have then only to find a point in the link which will 
divide it in the same proportion as the point L 
divides the curve of centres, and this will be the point 
in the link which will effect the cut-off of the steam 
at the corresponding required position of the crank. 

Since we have taken the valve as having no lap, 
the simple intersection of the primary main valve- 
circle with the several expansion circles gives us the 
respective points through which the centre line of 
the crank passes when the expansion valve closes 
the steam-port ; if, however, the valve has any lap 
either positive or negative, from the centre E and 
with the amount of lap as radius describe the lap- 
circle. Draw ^ Jf to represent the position of the 
crank at which it is required that the steam shall 
be cut off, and let EM cut the main valve-circle ia 
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the point N. Set off NP equal to EO; and at the 
point P, and perpendicular to EM, draw a line cutting 
the curve of centres at the point Q. Join Q F, and 
draw E B parallel to it ; also draw Q B parallel to 
FE, and cutting EB in the point B, Upon EB 
describe the resultant circle which will pass through 
0, the point of intersection of the lap-circle and the 
line ME. Hence the point in the link which will 
effect the cut-off of the steam at the position EM of 
the crank is that point which divides it in the same 
proportion as Q divides the curve of centres ILE. 
In the present case (Fig. 52) we have taken the ex- 
pansion sheave asfoUomng that of the main valve : this 
is done because the points of cut-off are, so to speak, 
behind EFy the centre line of the main valve eccen- 
tric sheave, therefore the main valve is travelling 
from right to left when the cut-off is taking place ; 
and in order that this cut- off may be as sharp as 
possible, we place the expansion eccentric sheave so 
that the expansion valve shall effect the same when 
it is travelling in a direction opposite to that of the 
main valve. And as in the present case the expan- 
sion valve cuts off the steam when the main valve 
itself is closing the port in the cylinder, or at least 
moving in the direction to do so, while the expansion 
valve is moving in the opposite direction, it is clear 
that the expansion valve must be made either with 
ports through it, or at any rate so that the cut-off 
edges, as it were, follow the valve. 
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GOOCffS LINK EXPANSION 

DIAGRAM. 



PROBLEM XXIX. 

The APPLICATION OF THE LiNE OF CENTRES IN 

Gooch's Expansion Link Diagram to an 
ORDINARY Expansion Diagram. 

Let the straight lines AB, CD (Fig. 53), be at 
right angles to each other and intersect at the 
point E^ and let EF represent the throw of the 
main valve eccentric sheave and its position relative 
to the real position, EA^ of the crank. Prom the 
centre E, and with mdius E JP, describe the circle 
FOG. Let the expansion valve have a negative lap, 
and from the centre E with this lap as radius, de- 
scribe the lap-circle, and let E H represent the position 
of the crank, at which it is required that the cut-off 
shall take place when the link is in fuU gear, and 
let the line ESdni the circle upon FE in the point 
/. Set off JK equal to jB J the radius of the lap-circle, 
and at the point K draw KL perpendicular to EH, 
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and from the centre E^ and with radius E L, equal 
to EK, ascertained by Problem XXVL (Fig. 50), de- 
scribe an arc of a circle cutting KL in the point L. 
Join LE, then i^ will represent the line of centres 




D 

Ft^. 53 

EK (Fig. 50), and it will also represent the single 
virtual expansion full-gear eccentric arm. Join FL 
and draw EM parallel to it, and LJIf parallel to EFy 
and cutting the line EM dX the point M^ then the 

p 



210 DESIGNING VALVE GEARING. 

line EM will be the diameter of the primary resultant 
circle. Produce ME to N, making jBJV equal to E M, 
and upon ME and ENsls diameters describe circles ; 
these will be the primary and secondary resultant 
circles respectively, and the secondary resultant 
circle will cut the lap-circle in the same point I in 
which it cuts or is cut by the line EH; hence the 
expansion valve closes the port in the main valve, 
and cuts off the steam, when the crank reaches the 
position EH as was required. Similarly we can find 
the intermediate points in the line of centres EL, 
which will cause the steam to be cut off in other given 
positions of the crank. Let it be required, for 
instance, that the steam shall be cut off when the 
crank reaches such a position as E 0, intersecting the 
main valve-circle at the point jP. From P set off 
P B equal to EQ the radius of the lap-circle, and at 
the point JB erect a perpendicular to EO, meeting the 
line of centres in the point 8, then E 8 will represent 
the single virtual expansion eccentric arm which will 
effect the cut-off of the steam at the position EOot the 
crank ; and to satisfy ourselves of this, we have only 
to construct the corresponding resultant, circles, the 
secondary one of which will pass through the point 
Q in which the lap-circle and the line JS?0 already 
intersect. In the present case we have taken the 
expansion valve as having negative lap, but we can 
still more easily determine the position of, and the 
points in, the line of centres EL^ if w^e consider the 
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expansion valve as having no lap at all, and require 
that when the expansion link is in full gear, the cut- 
off of the steam shall take place when the crank 
reaches such a position as J? TF intersecting the main 
valve-circle in the point T ; we have then only to join 
F T and produce it till it cuts or is cut by the arc de- 
scribed from the centre E with radius EL, equal to 
EK (Fig. 50) and join EL ; similarly we can find 
any other single virtual expansion eccentric arm in the 
line EL. In any case, however, whether the expansion 
valve has lap or not, having found the required points 
in the line of centres ELy we find the corresponding 
points in the link which divide it in the same pro- 
portion in which the points found in the line of centres 
divide that line, the proportion being in every case 
taken from the end E of the line of centres and the 
end of the link which is fixed. It is clear that the 
same results as the foregoing can be obtained, with- 
out the use of a link combination, by adopting, 
instead, some means by which the actual throw of 
the expanaion eccentric sheave itself can be varied, 
either by hand-worked gear or by the action of a 
governor. 



p 2 
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EEVERSING WITH SHIFTING 
ECCENTRIC. 



•o> 



PEOBLEM XXX 

This reversing gear is made in several forms, the 
simplest of which is perhaps that with the eccentric 
sheave loose upon the shaft, and free to revolve round 
the shaft through a given angle between fixed stops, 
against either of which it is kept by the resistance of 
the slide-valve; and the reversal of the engine is 
effected by disconnecting the eccentric rod from the 
valve spindle and working the valve by a hand lever 
just sufiScient to start the cranknshaft revolving in 
the opposite direction, and to bring the other stop 
into gear with the eccentric sheave, when the eccen- 
tric rod is either thrown or throws itself into gear 
again with the* valve spindle, and the engine con- 
tinues to work in the reverse direction. Most of the 
engines of the penny steamers which ply on the river 
Thames are reversed in this way. In another arrange- 
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mont of this form of reversing gear, the eccentric 
sheave is caused to revolve round the shaft through 
the given angle and at a speed greater than that 
at which the shaft itself is revolving, it thus over- 
takes the shaft as it were, and comes into gear 
with the stop, which applies to the reverse motion 
of the engine; the motion of the valve is thus 
reversed, and the crank commences to revolve in 
the opposite direction, and the stop, which was pre- 
viously overtaken by the eccentric sheave, is now 
driving that sheave before it, hence there is no 
danger of the engine again reversing itselfc There are 
several arrangements for causing the sheave to over- 
take the shaft, such as the loose sleeve and screw 
gear, but which it is beyond the province of the 
present treatise to go into; all we have to determine 
at present is the angle through which the sheave 
has to be shifted, in order to reverse the motion of 
the engine. 

Let the straight lines AB,CD (Fig. 54), be at 
right angles to each other and intersect at the point 
E, By Problem III. or IV. we ascertain the throw 
of the eccentric sheave for the forward and backward 
motion of the engine respectively, and its position in 
each case relative to the real position E A of the crank. 
From the point E as centre, and with radius equal to 
the throw of the sheave, describe the circle ACBD, 
and draw E F and E G, making the angles CEF and 
DEO each equal to the ascertained angle of advance. 
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Then the angle FEO will be the angle through 
which the sheave must revolve upon the shaft in 
order that the engine may run in the reverse direc- 
tion. 

There is another form of reversing gear with 
shifting eccentric, known as the ** Wedge motion 




gear," in which, instead of the sheave being arranged 
to revolve partly round the shaft, it is made with an 
oblong slot through it, the sides of which fit on two flat 
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sliding faces on the shaft itself, so that the sheave can 
be moved in a direction parallel to J^G in a plane at 
right angles to the axis of the shaft, through a limited 
distance, while at all times it must revolve with the 
shaft. The centre line of the slot has to be a distance 
EH (Fig. 54) from the true centre of the eccentric, 
and the length of this slot must be such that the sheave 
can be shifted at right angles to the axis of the shaft, 
through a distance FHotHG in each direction from 
its middle position. Hence if we consider the point E 
to represent the true centre of the sheave, then the line 
F G will represent the relative position and direction 
of the slot and the distance through which the sheave 
itself must be capable of being slidden, in order to put 
the engine from full gear in the one direction, into 
full gear in the other, the total length of the slot 
itself being greater than ^ 6^ by an amount equal to 
the space taken up by the shaft and the two wedges ; 
this additional length being set off equally in the 
direction HP and the direction HG, the point H 
thus remaining the centre of the slot. In practice this 
shifting of the sheave is effected by sliding wedges 
working in grooves in the shaft, one at each end of 
the slot, which, as we have just explained, is made of 
extra length to admit them without diminishing the 
amount the sheave has to slide. These wedges are set 
with their ends reversed, and they are connected by 
suitable gearing with the reversing lever or screw. 
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APPENDIX TO PROBLEM XV. 

Haying obtamed the particulars for the main 
valve by Problem VI., as in the previous case 
(Problem XV.)> we proceed as follows to obtain 
the particulars for the expansion valve. In the 
straight line AB (Eig. 25a) take any point (7, 
and draw CD to represent the position of the 
crank, at which the port in the partition is to be 
open the given amount ; and GE its position when 
the expansion valve is required to close the port 
and cut off the steam ; and CF its position, at which 
it is found by Problem VI. that the main valve 
closes the port in the cylinder. Produce FCto Q; 
and upon CQ set oS CH to represent the amount 
that we require the expansion valve still to be over- 
lapping the port in the partition, at the moment the 
main valve closes the port in the cylinder. From 
the point H set off HI to represent the amount of 
lead which the expansion valve is to have, and this 
should of course be more than that of the main 
valve. Produce D (7 to J, and upon CJ Bet off CK 
to represent the amount which the port is to be 
open for the given position CD oi the crank. From 
the point E draw EL at right angles to 0*7", and 
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through the point C draw MN at right angles to 
GE; and through the point H draw JVO at right 




Fvq ZScu 

angles to CO, intersecting the line EL in the point 
P, and the line MN in the point N. Upon these 
lines NM and NO, respectively, set oS NQ equal 
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to NB, and from the points Q and B as centres^ 
with any convenient radius, describe arcs intersect- 
ing at any point 8. Join 8N. From the point P, 
where the lines KL and ^0 intersect, set oflf, upon 
the line P 0, P T equal to P Z. From the points 
K and T as centres^ with any convenient radius, 
describe arcs intersecting at any point U. Join 
UP, cutting the line N8 in the point V% Then, 
taking the point C to represent the centre of the 
expansion sheave, the point V will represent the 
centre of the crank shaft. Join C V and produce this 
line to W, making VW equal to VC. Then VC 
will represent the throw of the expansion sheave, 
and be the diameter of the primary and V W that 
of the secondary expansion circle; upon these 
diameters describe the respective circles, and from 
the point V as centre describe the lap circle touch- 
ing the lines JVJf,ZL, and JVO. Draw FZand VY 
parallel to CE and (7 J* respectively, and Va parallel 
to CD, It will now be quite evident that at the 
position Va of the crank, corresponding to the given 
position CD, Va being drawn parallel to CD, the port 
in the partition is open an amount, h m, equal ioKG 
the given amount; and that the expansion valve 
closes the poii; in the partition and cuts off the steam 
at the position FX of the crank, corresponding to 
the given position GE; and further that the expan- 
sion valve is still overlapping the port in the 
partition by an amount d I equal io nt equal to the 
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given amount GH, at the position FF of the crank, 
corresponding to the given position OF^ at which 
the main valve is found to have just closed the port 
in the cylinder. We have now to see that the lead 
is of not less than the required amount Hly for as we 
are dealing with the expansion valve there is no 
objection to its being greater ; and indeed, in order 
that neither the required opening of the port at the 
given position of the crank, nor the lead itself, shall 
be less than of the given amount, it will be fre- 
quently necessary to have the one or the other in 
excess of that amount. In the diagram before us 
(Fig: 25a) we find that the lead x e is exactly equal 
to the given lead HI, but assuming that it is of less 
than the given amount, we proceed as follows. Join 
Oe and produce it. From the point I draw Ig at 
right angles to OQ, cutting the line Ge, produced, 
in the point/; from this point set oSfg equal to/ (7, 
and from the points G and g respectively, as centres, 
with any convenient radius, describe arcs intersect- 
ing at any point h. Join fh, cutting the line N8 
in a point, which in the present case happens to be 
F, but on the assumption that the lead x ei9 of less 
than the given amount HI, would be more remote 
from the point G than is the point F. Taking then 
this new point of intersection for the centre of our 
crank shaft, we get a lead equal to the given lead, 
whatever it may be, but we get at the same time a 
greater travel for our expansion valve, a greater lap 



220 DESIGNINO VALVE GEABINO. • 

for the valve itself, and, at the given position Va of 
the crank, an opening of the port greater than h m, 
the given amount of opening, which is not however 
of any disadvantage. We now combine the diagram 
for the main valve with that for the expansion 
valve; when we can, as before, at once obtain all 
the particulars referring to the distribution of the 
steam. 
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